|. Natural Hazards
D. Geological Hazards

The following outline summarizes the significanobpgical hazards covered in this section:

1. Ground Movement
a. Earthquakes
b. Subsidence
2. Celestial Impacts

Although some states recognize “landslides” asdalitianal hazard, Michigan’s geology and historgde to make it
more prone to land subsidence instead. Michigants main vulnerabilities to ground movement areréfare
identified in the sections on earthquakes and gdebse hazards. Erosion is not in itself typicalbnsidered an
emergency event, except in cases involving encroanhinto shoreline developments near a river ke,land these
have been dealt with in the Hydrological Hazardgtise of this plan. A new section of this planlestial impacts,
deals not only with the impact of physical objemtsproperty, but also with the effects of solarsi® on our modern
infrastructure. It will be seen that the systeteichnological impacts of this hazard involve greatgected risks than
the more well-known impacts of a meteoritic typAlthough meteorite impacts are quite easy to undeds and
visualize, and do have a small potential to bestagphic, it is the seemingly abstract and mostiysible effect of
“space weather” that has the greatest probabiligaasing widespread disruption and harm in the heare.

Overlap Between Geological Hazards and Other Sectbdthe Hazard Analysis

The most serious Michigan earthquakes would be atggeto damage some of the utilities infrastructurehe
southern part of the state, and could contributidaecoccurrence of an energy emergency. Someifigasbuld result
from broken water mains. There may be some patéfioti oil and gas pipeline operations to be diszdpas well. A
serious subsidence event may cause a key roadveajlapse and become unusable, and may also cartsémther
types of infrastructure to become exposed and vabile. Transportation accidents that may resathfthese hazards
could cause the release of dangerous hazardousialgateThe real potential for a catastrophic ieciexists in the
event of a major seismic event involving the NewdNe fault line.

Celestial impacts involving solar flares can caiudeastructure failures and have the potential smse major
transportation accidents involving airplanes andé&mgoing vessels. Other types of celestial inspaatolving the
impact of physical bodies upon the Earth and itsogaphere, are usually minor but rarely will have plotential to be
catastrophic, capable of causing damage equivaterst nuclear attack and the associated casualtiass fires
(including wildfires), infrastructure failure, seeewinds, and physical damages associated witmtiogear attack
hazard (but without as intense of radiological @8
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Earthquakes

A shaking or trembling of the crust of the earth caused by the breaking and shifting of rock beneath the surface.

Hazard Description

Earthquakes range in intensity from slight tremmrgyreat shocks. They may last from a few secdodseveral
minutes, or come as a series of tremors over ageaf several days. The energy of an earthquakeléased in
seismic waves. Earthquakes usually occur withoatnmg. In some instances, advance warnings ofuaiu
geophysical events may be issued. However, sstertannot yet predict exactly when or where athgaake will

occur. Earthquakes tend to strike repeatedly afanlys, which are formed where tectonic forcesh@ earth's crust
cause the movement of rock bodies against each. ofRisk maps have been produced which show arbasenan

earthquake is more likely to occur. Earthquake itooing is conducted by the U.S. Geological Suntig National

Oceanic and Atmospheric Administration, and uniiies throughout the country.

The actual movement of the ground in an earthqimlseldom the direct cause of injury or death. Miasualties
result from falling objects and debris. Disruptimircommunications systems, electric power lines, gas, sewer and
water mains can be expected. Water supplies ceoniee contaminated by seepage around water maiamage to
roadways and other transportation systems may ecrémid and other resource shortages if transpontais
interrupted. In addition, earthquakes may triggdter emergency situations such as fires and haaarthaterial
spills, thereby compounding the difficulties of tiaiation.

A fault line is where a fault meets the ground’sface, but many faults dip at an angle away frosirtisurface

location, and therefore earthquakes that occuoraesdepth will often not line up with the faulttae surface. Faults
do not only occur at the boundaries of large gaolglates. There are many small plates that,exsswell as faults
that are internal to or perpendicular to plate lutzuies.

Hazard Analysis

No severely destructive earthquake has ever beeonuEnted in Michigan. However, several mildly daimng
earthquakes have been felt since the late 17008s.eXact number is difficult to determine, as difieropinion on the
matter varies. With most of these earthquakesaden(if any) was limited to cracked plaster, brokesmes, damaged
chimneys, and broken windows.

In recent years, attention has been focused oN¢he Madrid Seismic Zone. This zone extends fropraximately

Cairo, lllinois through New Madrid, Missouri to Mad Tree, Arkansas. During the winter of 1811-18iReries of
earthquakes shook the area. The three worst eakbg destroyed the town of New Madrid, created,80D acre
lake in Northwestern Tennessee, and caused odeamsliells on the Mississippi River. Richter Scaftimates
ranged around 8.0. The 1811-1812 earthquakes iatdoded hundreds of aftershocks, some with magegu
estimated to be between 6.5 and 7.6 on the RiSu=le.

The New Madrid Seismic Zone is significant becaaentists predict that a catastrophic earthquba&eveen 6.0 and
7.6 on the Richter Scale) will occur within the sosometime during the next few decades. Michigay ive
somewhat affected by such an earthquake. A repfetite 1811-1812 earthquakes is unlikely in therrfature.
However, should it occur, it could result in damagjsruptions, casualties, and injuries on a snaker experienced
from an earthquake in the history of the U.S. irhmediate and long-term relief and recovery effedsld place a
significant, prolonged burden on the regional aatiomal economies.

Fortunately, Michigan is not located in an areajettto major earthquake activity. Although thare faults in the
bedrock of Michigan, they are now considered reddyi stable. However, these faults are poorly neappAccording
to the U.S. Geological Survey, although Michigarinisan area in which there is a low probability e#rthquake
occurrences, the area may be affected by distatitgemkes that occur in the New Madrid Seismic Zané upstate
New York. The New Madrid Seismic Zone poses thestnzignificant threat. Based on recent scienstiedies,
portions of southern Michigan could be expectedetreive minor damage were such an earthquake to ¢eee the
map at the end of this section).
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The greatest impact on the state would probablyectnom damage to natural gas and petroleum pipeliriéthe
earthquake occurs in the winter, many areas oftéie could be severely impacted by fuel shorta@esnage would
probably be negligible in well-designed and cored buildings. However, poorly designed and coicstd
buildings could suffer considerable damage underitiht circumstances.

The following table has a list of earthquakes thate been felt in Michigan. The most severe eeentered in
Michigan was the 4.7 magnitude event of 1947, wliighsed some damage to (mainly residential) strestin the
southwest region of the Lower Peninsula.

Tectonic Earthquakes Felt or Occurringin Michigan

Date Or|g|n Magnitude 3-14-1938* Gibraltar, Ml N/A
- 3-9-1943 Lake Erie, OH 45
4-20-1793* Porcupine Mt, MI N/A !
12-16-1811 (3 events) New Madrid, MO 7.9, N/A.AN/ 9-5-1944 Massena, NY 5.8
1-22-1812 New Madrid, MO N/A filg'igg; Ef'[;’(‘)"r’:gegv I'\Ii” g;
1-23-1812 New Madrid, MO N/A -9- ’ :
1951812 New Madrid MO 7.0 9-15-1972 Rock Falls, IL 45
2-3-1812 New Madrid, MO N/A g‘g'ig;g 'F-f;‘”;:f;:r’c')';\l 4574
2-7-1812 New Madrid, MO 7.5 -2 - ; :
2-8-1812 (4 events) New Madrid, MO N/A 7-27-1980 Sharpsburg, KY 5.1
10-20-1870 La Malbaie, QUE  N/A ?fgéliggz gggt‘t’;"’ l\/(I)IN 32
8-17-1877* Greenfield, Ml 3.2 -29- : :
9-19.1884 Lima, OH w8 10-7-1983 Blue Mtn. Lake, NY 5.1
9-1-1886 Charleston, SC 7.7 %‘i‘%‘iggg gfra"as,'; o Z-g
10-31-1895 Charleston, MO 6.7 e : ' '
5-26-1909 Aurora, IL 51 6-10-1987 Lawrenceville, IL 5.2
3-1-1925 La Malbaie, QUE 7.0 11-25-1988 Saguerayv SUE 5.9
: 9-2-1994 Central Michigan 3.4
8-12-1929 Attica, NY 5.2
11-1-1935 Timiskaming, QUE 6.2 9-25-1998 Sharon, PA 52
3.2.1937 Anna. OH 50 10-23-2001 Prairie Lake, Ml 2.9
' 4-18-2008 (2 events) West Salem, IL 54,48
3-9-1937 Anna, OH 5.4 .
2-12-1938* Porter, IN 4.0 2-10-2010 Elgin, IL 3.8
3-13-1938* Gibraltar. Ml 3.8 6-23-2010 VaI—Des—Bois, QUE 5.0

N/A means that the magnitude information was nailakle.

* May not have been a natural earthquake. Expéoblasting, mine collapse or other subsidence langeg meteorite impacts can all cause tremors telbéhat
may give persons the impression that an earthquagkeccurred.

Source: Michigan State University Earthquake Infation Center / East Lansing Seismic Station

NOTE: This list has been adapted from the “Eartkggan Michigan” source list found https://www.msu.edu/~fujita/earthquake/eginfo.htrilarthquakes that
may not have actually been felt in Michigan weréinoluded in the list.

Historical earthquake occurrences appeared to Aavelement of a cyclical nature about them, withesaecades
containing numerous events, surrounded by decadbsonly a few events, and followed by periods wildarly no
occurrences at all. Over time it may be that (plbp due to increases in population and developnbatnumber of
occurrences gradually increases within this cyalnough this is uncertain. (The pattern is ndtesmely clear and
long, and may just happen to be a statisticalaatt)f The potential pattern is illustrated throdigé listing of natural
tectonic earthquake events by decade, with arrairgtipg to small peaks of earthquake activity apprately every
50 years. (This is shown on the next page.)

The hypothesis that there may be a kind of cycknd is based purely upon the historical data. eéent text,

Michigan Geography and Geology (editor in chiefpn&al Schaetzl), includes a chapter on earthquakdsstates that
“about once every 50 years, a magnitude 3-4 everure within the state, south of a line betweem@apids and
Pontiac.” Although the event information (listelooae) had fit pretty well into this pattern, the shoecently updated
information from the same source has not quit@ditfectly into the proposed pattern, for insteadhef earthquake
activity dropping to zero after a clear peak dutiimg 1980s, it has instead fallen into a patterabafut two events per
decade, and one of those decades (the 2010s) lygsisirbegun! Thus, there seem to be more eaatkegibeing felt
recently than might have been expected, accordirthe previous pattern. It is possible that thigel of disturbance
might be comparable to the periods that would Hmeen marked with zeroes in the past, and thate¢lkeatcurrence
of a peak (in the 2030s?) may therefore involvecmd number of events, if there is indeed a graderad toward an

increased number of disturbances.
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1790s:
1800s:
1810s:
1820s:
1830s:
1840s:
1850s:
1860s:
1870s:
1880s:
1890s:
1900s:
1910s:
1920s:
1930s:
1940s:
1950s:
1960s:
1970s:
1980s:
1990s:
2000s:
2010s:

N

<These were all New Madrid events and aftershocidnaay not fit into a cyclic trend for Michigan

<Possible peak in a cyclic trend

<Possible peak in a cyclic trend

<Possible peak in a cyclic trend

NNNOWFROWWNORPRFEPNPFPOOOOORLROO

<Recent trend might not quite match the proposeyezd-cycle

Earthquake Risk Calculation

Although earthquakes are generally not consideradagor hazard in Michigan, other states have hadnasoy
problems with this hazard that very detailed teghaes have been developed to estimate earthquddse fisach area
of the country has been assessed by geologistsr¢feg to types of bedrock, fault line proximityndaother factors)
and sorted into general zones of earthquake rigkor a national map showing this, see the web aite
http://earthquake.usgs.gov/research/hazmapEhese zones are expressed in terms of a prolyathiit significant
ground movements will be felt. For example, theiy be a 10% chance of an area experiencing signifiground
movement within a 50 year period, (which is simtlathe "500-year" floodplain, since the annualbataility of such
an event calculates as roughly .0021). Anotherpmrant of risk calculation would be to estimate #meount of
damage that is likely when such an event occurffici@ measures use the concept of Peak Grouncel&cation
(PGA, which is also abbreviated as %g). The kesk g to translate the severity of (PGA) ground iprotinto
estimates of structural damages and other economsis. FEMA has developed a computer applicatithZ(US) to
give estimates of these earthquake effects.

Michigan has a comparatively low risk of experiengcidamaging ground movements. Because of thisrisky
however, many designers and developers did notitdieonsideration the possibility that an eartdamight occur.
Some of Michigan's communities may actually be euwitiinerable to earthquake effects—especially Mjahis
underground utilities—in cases where developedsangae not designed to withstand any ground movésnen

Urban areas and active mineland/quarry areas magriexce seismic effects as a result of blastiniviges,
subsidence, structural collapses, vibrations fraaim$ and trucks, or explosions (such as from iti@saccidents or
terrorist activity). It is therefore worth consitey a strengthening of infrastructure as well aterior design
enhancements to resist both natural and other gfpgsismic impacts, vibrations, and stresses.

Impact on the Public

Earthquakes have the potential to cause impacenaarea’s infrastructure and energy if a significarent occurs.
Impacts could include higher prices for energy smgplies, and the potential for limited suppliemeéded goods and
resources. A major event, such as a large-scatblée in the New Madrid Zone, may constitute a Naail
Emergency event (on the scale of Hurricane Katriimajvhich there is a need for mutual aid to bevjated to states
which were strongly affected, and the intake ofoerégs from those states. There is a moderatetjabtiem property
damage to occur in areas of southern Michigan #natmore prone to experiencing seismic activityd dmese
damages would clearly be inconvenient for homeow/aad businesses, at the very least.

Impact on Public Confidence in State Governance
The public may perceive earthquake effects in teving governmental failure to plan for and maintappropriate
standards for infrastructure durability and hardgni Some questions may also be raised about whsttfficient
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geological research had been conducted in the arehabout whether there was a successful meapsowiding
advance warning that the area might experiencadhgiake.

Impact on Responders

Response operations have the potential to incledech and rescue activities, which involve spedisits and
requirements for training and equipment. Earthgu&kated infrastructure failures or road subsidemay inhibit
efficient and safe response to the incident, and imzrfere with the access and use of resourcedettefor normal
and emergency response activities.

Impact on the Environment

A significant earthquake has the potential to caureblems for the environment, both directly andiriectly. Ground
movement may disrupt wildlife habitats and changeu@a's landscape. Secondary environmental isygaased by
a significant event may involve a hazardous mdgeriglease into the ground, air, or water from dgedabuildings
and infrastructure. Fortunately, it is unlikelyathan earthquake, even a significant-magnitude N&wdrid event,
would cause great environmental impacts in Michigan

Programs and I nitiatives

The Federal government has several programs atidtiieés in place to help reduce the earthquakeathrtwo of
which impact Michigan. The most recent, and peshapst prominent, is the development of the Nati&esponse
Framework (NRF) to coordinate federal assistanae ¢atastrophic earthquake or other similar disast®ordinated
through the federal Department of Homeland SecyiitdS), the NRF outlines the responsibilities df falderal
agencies with a role in disaster response andtmvesgy. Should a catastrophic earthquake ever aimijgiichigan,
federal response and recovery assistance woulddydinated under the provisions set forth in theFNR

In January 1990, Executive Order (EO) 12699, Seisaifety of Federal and Federally Assisted or Regdl New
Building Construction, was signed into law. Thi® Eequires that appropriate seismic design andtaar®n

standards and practices be adopted for any newrootisn or replacement of a federal building atdeally regulated
building receiving federal assistance. The purpafghis EO is to reduce risks from failure of fealebuildings during
or after an earthquake.

Mitigation Alternativesfor the Earthquake Hazard
The biggest Michigan threats would be to pipelif®sldings that are poorly designed and constrycied shelving,
furniture, mirrors, gas cylinders, etc. within stiwres that could fall and cause injury or pers@naperty damage.

= Adopt and enforce appropriate building codes.
= Use of safe interior designs and furniture arrarg@sn

= Obtain insurance.

= "Harden" critical infrastructure systems to meésséc design standards for "lifelines."

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPilaces
additional emphasis on the coordination of Statell@lanning and initiatives with those taking maat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of earthquakes), and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.

Regarding the first type of State-local planningrination, the information immediately followingqvides advice
regarding the earthquake hazard to offer guidaadedal planners, officials, and emergency managérsias been
adapted from the February 2003 “Local Hazard Mitaa Planning Workbook” (EMD-PUB 207). For the ead

type of State-local planning coordination, a sectiollows that summarizes earthquake informatioritdsas been
reported in local hazard mitigation plans. Forigftsummary of earthquake-related information frisvat section of
this plan, it will here be noted that earthquakegenidentified as one of the most significant hdgan the local
hazard mitigation plans for Cass and Dickinson tiesn
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Earthquake Guidance for Local Hazard MitigationniRiag

Although earthquakes are generally not consideradagr hazard in Michigan, other states have hadnaoy

problems with this hazard that very detailed teghes have been developed to estimate earthquddse fisach area
of the country has been assessed by geologistsrfeg to types of bedrock, fault line proximityydaprobably other
factors) and sorted into general zones of eartrejuedk. (For a national map showing this, seewvied site at
http://earthquake.usgs.gov/research/hazmapthese zones are expressed in terms of a ptipabat significant

ground movements will be felt. For example, theey be a 10% chance of an area experiencing signifiground

movement within a 50 year period, (which is simttathe "500-year" floodplain, since the annualbatality of such

an event calculates as roughly .0021). The otbeponent of risk calculation would be to estimdte amount of
damage that is likely when such an event occurffici@ measures use the concept of Peak Grouncel&cation

(PGA, which is also abbreviated as %g). All thernains is to translate the severity of (PGA) groumation into

estimates of structural damages and other econuosis. The earthquake analysis should use histatacto estimate
the extent to which different types of structuresuld be affected by different severities of grounodvement that are
likely to regularly occur in your area. The extafitdamage can then be expressed in terms of the vd the

structure, its contents, and its functional andnecaic significance for the community. FEMA has eleped a
computer application (HAZUS) to give estimatesh#de earthquake effects.

Michigan has a comparatively low risk of experiemgcidamaging ground movements. Because of thisrisky
however, many designers and developers did notitdieonsideration the possibility that an eartdamight occur.
Some of Michigan's communities may actually be euwitinerable to earthquake effects—especially Mjahis
underground utilities—in cases where developed samgare not designed to withstand any ground mové&nen
Detailed earthquake risk analyses in Michigan caddohtify facilities or infrastructure thatight be at-risk, and then
have engineers calculate the degree of actual rability to those facilities. Engineers should dlgle to estimate
potential damages and calculate structural reiefoent costs to see if earthquake mitigation measare
economically justifiable.

Urban areas and active mineland/quarry areas mpgriexce seismic effects as a result of such thasgblasting
activities, subsidence, structural collapses, vitng from trains and trucks, or explosions (sushfram industrial
accidents or terrorist activity). It is therefam®rth considering a strengthening of infrastructasewell as interior
design enhancements to resist both natural and tyfhes of seismic impacts, vibrations, and stresse

Modified Mercalli I ntensity Scale (and Michigan map)

The map on the next page shows the worst antidgatpact upon Michigan from a major New Madrid bgttake
event. The level of impact is described in terfnswneric categories along the following scale:

| — Not felt by people

Il — People at rest or in tall buildings may feedvement

lll — Many indoors feel movement; hanging objeatsng); like the vibrations from a light truck pasgiby
IV — Most persons indoors feel movement, and a pensons outdoors; like the vibrations from a heavy
truck passing by

V — Almost everyone feels movement; dishes brea#t,sanall unstable objects move; liquids may spill
VI — Everyone feels movement; many run outdoordking is difficult; breakables fall and break; pies
may cracHNOTE: Thisistheworst level of severity known to potentially affect Michigan.]

VIl — Cars shake; chimneys, tiles, and plaster rfel from buildings; slight damage to well-built iblings;
considerable damage to poorly built buildings

VIl — Difficulty steering cars; tall structures drchimneys may fall

IX — Well-built buildings may suffer considerablardage; houses can move off their foundations;
underground pipes break

X — Most buildings and foundations are destroyed

XI — Most buildings collapse

XII = Almost everything in the area is destroyed
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Earthquake Threat in Michigan

Source: U.S. Geological Survey

Y, -ad

Regional map of maximum intensities that
would result from a magnitude Ms=7.6, maxi-
mum (ntensity earthquake anywhere along the

New Madrid Seismic Zone. Irl _I_en Sl 'I'v Vl

The map shows an approximate area where the wansage might occur (Intensity VI). North of the dbd region
could experience Intensity V effects. If anotheelis drawn, parallel to that demarcating the mem limit of the
Intensity VI area, but shifted northward to incluthe “Thumb area” of Michigan, then that would appmate the
area with Intensity V potential effects from the ratoNew Madrid earthquake event. Most of the dsthe state
would experience a maximum of Intensity IV effefttan such an event.
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Subsidence

The lowering or collapse of a land surface, caused by natural or human-induced activities that erode or remove
subsurface support.

Hazard Description

Subsidence is the lowering or collapse of a larmfiasa, due to loss of subsurface support. It carcdused by a
variety of natural or human-induced activities. tiNal subsidence occurs when the ground collapgesinderground
cavities produced by the solution of limestone thieo soluble materials by groundwater. Human-iredusubsidence
is caused principally by groundwater withdrawahkidage of organic soils, and underground mining.the United

States, these activities have caused more thafA gduare miles of surface subsidence, with groatelvwithdrawal

(10,000 square miles of subsidence) being the pyirmalprit. In addition, approximately 18% of thunited States
land surface is underlain by cavernous limestongsgm, salt, or marble, making the surface of thassas

susceptible to collapse into sinkholes.

Generally, subsidence poses a greater risk to gyofiean to life. Nationally, the average annuahage from all

types of subsidence is conservatively estimatdzbtat least $125 million. The National Researchr€d estimate of
annual damage from various types of subsidencetimed in the table below:

Land Subsidence: Estimated Annual National Damage

Type of Subsidence Annual Damage ($)
Drainage of organic soils 40,000,000
Underground fluid withdrawal 35,000,000
Underground mining 30,000,000
Natural compaction 10,000,000
Sinkholes 10,000,000
Hydrocompaction (collapsible soils) N/A

TOTAL: $125,000,000

Source: National Research Council; Multi-Hazardchtfeation and Risk Assessment, Federal Emergency
Management Agency

Mine Subsidence

In Michigan, the primary cause of subsidence iseugibund mining. Although mine subsidence is sosignificant a
hazard in Michigan as in other parts of the coynimany areas in Michigan are potentially vulneratdemine

subsidence hazards. Mine subsidence is a gedhagiard that can strike with little or no warningdagan result in
very costly damage. Mine subsidence occurs whergtbund surface collapses into underground mimedsa In

addition, the collapse of improperly stabilized eimpenings is also a form of subsidence. Aboubtitg good thing
about mine subsidence is that it generally affeety few people, unlike other natural hazards thay impact a large
number of people. Mine subsidence can cause datoagealdings, disrupt underground utilities, anel & potential
threat to human life. In extreme cases, mine siglnsie can literally swallow whole buildings or $eas$ of ground
into sinkholes, endangering anyone that may beepteat that site. Mine subsidence may take yeammanifest.

Examples of collapses occurring decades after mireze abandoned have been documented in sevesa afd¢he
country.

Michigan’s Mining Experience

Michigan’s rich mining heritage has played a sigift role in the State’s development into a waddnomic power.
Due to its diverse geology, Michigan has a widdergrof mineral resources, most notable of whioh ewpper ore,
iron ore, coal, sand, gravel, gypsum, salt, oil gad. It is not surprising then that undergrouridimy has occurred
on a significant scale throughout Michigan’s higtofThe principal types of underground mining tbaturs, or has
occurred in Michigan, include coal mining, metafitneral mining, salt mining, gypsum mining, andusion mining.
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Copper Mining
Copper mining, in particular, put Michigan on thapras a major mining area. Although native cogperoccurs in

other parts of the world, at one time the quantityMichigan’s native ore was unsurpassed. Fromntie to late
1800s, Michigan’s Keweenaw Peninsula mines producedt native copper ore than any other mining arddorth
America. As those resources became depleted, copiping began near White Pine in Ontonagon Courithe
target strata in the White Pine mining operatioeseiron an anticline that was mined both at deptrshallow as 100
feet and as deep as 2900 feet. Over-mining ddrpilin shallow parts of the mine caused collapsksabsidence at
the surface, on mine property, during the 1980& Qopper County” area generally crosses Ontonagonghton,
and Keweenaw Counties.

Iron Ore Mining

Michigan’s Lake Superior region has been home gaificant iron ore mining operations since the rhg&b0s. The
iron producing areas are referred to as rangese she iron deposits generally occur on the slapest the base of
remnants of ancient mountain ranges. Michigantheese ranges: 1) Gogebic Range, which extends féamgebic
County into Wisconsin; 2) Marquette Range, in Mattg County; and 3) Menominee Range, in Dickinguth laon
Counties. Most near-surface iron deposits in thtbsee ranges have been exhausted, so undergroumigrhas
become the primary extraction technique. Nearly ballion tons of iron ore have been extracted fribrase areas.
Unfortunately, economics have forced the closurenahy of the underground iron mining operationfalgh one
company still mines in the region. The “Iron Rangeéa generally includes the five counties of Bardgjckinson,
Gogebic, Iron, and Marquette.

Salt/Solution Mining

Michigan also has one of the world’s largest unomrgd salt accumulations. The thickest salt bexdarider most of
the Lower Peninsula. These formations are, in spl@ees, over 3,000 feet thick and composed ofr¢agésalt and
other minerals. Michigan ranked first or seconahational salt production from 1880 to the late @92 The bulk of
the salt production was from natural brines pumfpeth six salt formations. Salt was also produaanf artificial
brines that were derived by injecting freshwaté¢o isalt formations and retrieving the resultinghbs (called solution
mining). The old Detroit salt mine produced roalt sising the “room and pillar” method until 1988T'he room and
pillar method involves creating large undergrourdamses [rooms] in which to mine, supported byagsl[natural or
artificial structural members] that held in plate troofs of these rooms.) The Detroit salt mines wpproximately
1,100 feet below ground, and encompassed approadiybtl 00 acres of subsurface land. The room dtzat pethod
is being used only in the single salt mine thatiis operating in Michigan, by the Detroit Salt @pany, which has an
excellent safety record. Salt is also being prediucom brines extracted at various locations withie state.

Gypsum Mining

Gypsum has been mined in Michigan since 1841hdén@rand Rapids area, gypsum is mined by the “raodpillar”
method. Open pit mining is used in the Alabastgian (losco County). In both of these areas, gypbeds directly
underlie thin layers of glacial drift. Closed tgpaphic lows observed in both areas are believebtletalue to
groundwater solution of the gypsum and subsequilapse of the overlying material.

Coal Mining
Michigan also once supported a thriving coal minindustry. Records indicate that over 165 differesal mines

operated in Michigan’s coal-bearing region, whicdielides 31 counties in the south-central portiorthef Lower
Peninsula. Over 100 of the 165 known coal minghdnstate were located in the Saginaw Bay ar8ae the map on
the following page for an outline of Michigan's C&asin.) Coal was first discovered in Michiganli®35 in Jackson
County. From that discovery, several small unamrgd and surface coal mines were opened in thatairthe state.
In 1861, coal was discovered near Bay City, antld®7 commercial coal mining began in Bay CountyatTled to
the establishment of numerous additional minesagirg&aw, Tuscola and Genesee counties, which tetodeel larger,
deeper and more extensive mines. That was theo$tslichigan’s coal mining industry.

The state’s underground coal mines were an avevhdd0 feet deep, and were worked by the “room pifier”
method. Michigan had continuous coal mining fro897 to 1952, when the last underground coal miras .
Charles, Saginaw County, closed. From 1860 (tte yene records were first kept) until 1975 (theuyéhe last
surface coal mine closed), the 165 commercial soaés produced a total output of over 46 milliong®f coal. The
maximum coal output was achieved in 1907, when Manirs 37 operating coal mines produced two millions per
year - enough to supply 16% of Michigan’s thenltdemand for coal.
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Mine-Related Subsidence Threatsin Michigan

Source: Michigan Department of Environmental Qyalffice of Geological Survey

Potential Subsidence Hazards

Emmal
Chabeymn
Finmus b
Chailwas
Apuna
e Qlmp  Monimome
Lumtana
Renm
Giard Fabmbas | Daeimd Camda

i Fiavmim

¥ Abandoned Coal Mines

| Gypsum Mining \...,..
| Copper Mining

E= solution Mining -

| Iron Ore Mining
[ | Michigan Coal Basin

3 Oahbind
: Lo
Mamn Bany m | ngha

(=11

YanBumn ‘P‘!h'ﬂ”ﬂl
Arod ves d by

tani mmph| Bianch L’ﬂ [anTaun kunign
M g3 State Polk:

Emerge vy Maragem ey tand Home BydSece rby Dkl
December2Oi0

LT

246
Natural Hazards — Geological (Ground Movement —sildnce)




Mine Subsidence Problem in Michigan

The legacy of underground mining can be felt in awons locations across the state. Many of the rgnolend
mining areas, whether active or abandoned, aresvaiitte to subsidence in some form. The map opréngous page
indicates the areas in the state that are potmtialnerable to mine subsidence. Unfortunatedgords of abandoned
mines are often sketchy and sometimes non-exist€herefore, it is often difficult to determine ekg where the
mines were located. Many areas of Michigan mayehideveloped over abandoned mines and may not evaware
of it. Oftentimes, the only way a community or teimbusiness owner becomes aware of a potentiardhdz when
subsidence actually occurs and damage or destnuetsults.

Water-Related Subsidence

Compaction of soils in some aquifer systems caorapany excessive ground-water pumping and causedsuize.
Excessive pumping of such aquifer systems hastegsil permanent subsidence and related grounddail In some
systems, when large amounts of water are pumpedsuhsoil compacts, thus reducing in size and nuthigeopen
pore spaces in the soil that previously held waldris can result in a permanent reduction in tial tstorage capacity
of the aquifer system. More than 80% of the ideatisubsidence in the United States is a conseguehhuman
impact on subsurface wateThree distinct processes account for most of thiemralated subsidence: compaction of
aquifer systems, drainage and subsequent oxidatiorganic soils, and dissolution and collapseustceptible rocks.

Mining Ground Water

Groundwater in the pore spaces of an aquifer stpmmme of the weight of the overlying material§vhen
groundwater is depressurized or even removed frquifexs, where the materials are very compressibié pore
pressures can be high, compaction may occur. stfisidence may be partially recoverable if presstgbound, but
much of it is not. Thus the aquifer is permanengiguced in capacity, and the surface of the granagd also subside.
The picture on the next page shows the unconsetidaquifer systems in Michigan

Drainage of Organic Soils

Land subsidence may occur when soils rich in ogaarbon are drained for agriculture or other psgso The most
important cause of this subsidence is microbialodgmsition, which, under drained conditions, readibnverts
organic carbon to carbon-dioxide gas and watermgaztion, desiccation, erosion by wind and wated, prescribed
or accidental burning can also be significant fexctoThe picture on the next page shows the lataifahe organic
soils in Michigan.

Collapsing Cavities

This type of subsidence is commonly triggered byugd-water-level declines caused by pumping anérthanced
percolation of ground water. Collapse featuresl tenbe associated with specific rock types, sichwaporites (salt,
gypsum, and anhydrite) and carbonates (limestodedalomite). These rocks are susceptible to dis®ol in water

and the formation of cavities. Salt and gypsum rateeh more soluble than limestone, the rock typetnadten

associated with catastrophic sinkhole formationvagorite rocks underlie about 35 to 40% of the émhiStates,
though in many areas they are buried at great dep@ollapse sinkholes may develop over a periotloofrs and
cause extensive damage. The picture on the nge glaows the location of the evaporite and carlgor@tks in

Michigan.

Water-Related Subsidence Problems in Michigan

In the past there has been pressure for the GedatsLstates to export bulk quantities of wateraidous locations in
the United States. If these plans to withdrawdaamounts of water from the Great Lakes ever tdagep it may have
a major effect on the level of the ground waterdgsbin Michigan, which may possibly make subsideacenore
common occurrence. Currently, broken water pipes the improper discharge of rainwater are the mostmon
causes of water-related subsidence in Michigarmast commonly occurs on sandy or silty ground wtienwater
from the leak washes out the fine particles bentlioundation, causing voids that result in qudkaor subsidence.
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Water-Related Subsidence Threatsin Michigan

Unconsolidated Aquifer Systems Organic Soils Evaporite and Carbonate Rocks
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Source U.S. Geological Surveysround Water and the Rural Homeowner, Pamphlet, 1982

Overall, subsidence is not a very well-known haZaneost parts of Michigan, although it occurs wsttme regularity
in parts of the state that have experienced paftrgnound mining activity. The impacts of subskeim Michigan
tend to be limited in scope to individual sites atrdictures. Unlike some other areas in the cguatrch as lllinois,
Ohio, Kentucky, West Virginia, Florida, Louisianand Pennsylvania, where subsidence is a seriousegn
Michigan does not devote a great deal of stateuress to the problem. Subsidence simply does awgeé hhe
widespread impact potential of other natural actrelogical hazards that are prevalent in the state

Underground mining has, in some respects, provéx: ta double-edged sword for Michigan. On the lwar&d, it has
fueled tremendous economic growth in many partb@ftate, providing hundreds of thousands of {blasugh direct

mining or related industrial production activitieslining helped put Michigan on the map as a weddnomic power,
and even today it continues to be a major econautigity in some areas of the state. On the dtlaad, underground
mining has also left a legacy of subsidence orathoé subsidence in some parts of Michigan. Olanaloned mines
eventually begin to collapse under their own weighhuman neglect, and oftentimes they swallow iyatever is

built upon them. The following pictures show tyadimine subsidence cross sections.

Typical Mine Subsidence Cross Section
+—— angle of draw —

DI| and
unconsolidated rmaterlal
{sand gravel sﬂt c]ay}\

subsidence pit

Dhiagrammatic cross section of ivpical subsidence resulting from mine-roof
collapse. No scale implied,

Source: State of Ohio, Department of Natural Reessiweb page
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Typical Aquifer Subsidence Cross Section
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In some areas where ground-water pumping has caigesidence, the subsidence has been stopped tohisgi

from ground-water to surface-water supplies. MWfate water is not available, then other means rbastaken to
reduce subsidence. Possible measures includeimgduater use and determining locations for pumgand artificial

recharge that will minimize subsidence. Optimizatmodels, coupled with ground-water flow modets) be used to
develop such strategies. The picture above shawsi@al aquifer-related subsidence cross section.

Because subsidence tends to be a more sporadicihard because it poses a greater hazard to pydpan to life, it
does not receive much attention from governmenheige or the public. Other natural hazards, sisctomadoes,
floods and severe storms receive much more atteriEcause of their more widespread and severe tmpac
However, subsidence will continue to be a hazaatl adhsegment of the Michigan population will hawaleal with in
the future. Major incidents that lead to catadtiomlamage are nearly unknown in Michigan, but enahcidents
occur with some regularity in old mining areas. e@ll, about four moderate incidents per decade baen noted.

Probably the most effective way to mitigate subst#gehazards is through community education andeawvess. Local
officials in subsidence-prone areas need to be eawhtheir community’s potential vulnerability totssidence, and
that awareness needs to be communicated to thep@dmmunities that have experienced minerahaaigr mining

activity in the past, or that have ongoing minimgemtions, should conduct a thorough investigatibmpotential

subsidence sites as part of their community’s lthaaialysis process. More often than not, locabnds of mining

activity are the best (and sometimes only) soufceformation on the nature and potential extenths problem.
Local officials can use that information to makéommed community development decisions so as tadavo the

extent possible, areas potentially vulnerable tisglence.

Ideally, information about the locations and sufewe conditions of all mines in an area would bhenfly and testing
or inspection could then determine their stabiblyd safety. However, the information that doesstekias no
guarantee of being comprehensive, and since mangs@xist on private property, the owners of thiaperty often
have an interest in not allowing any mine detailbé¢ publicized (lest the information cause tresgessto be attracted
to their property). MSP/EMHSD learned about valadahformation that had been collected on thisadhrough an
academic research process, but the informationneaswvailable to the general public. The informmathad been
provided to the relevant counties as a part of floeal hazard analysis process, and it was repohiat the same type
of information was also known to local Mine Insp®st The best resource to consult for each loesl & probably
the relevant Mine Inspector for that area. Pleafsr to the list available at
http://www.mg.mtu.edu/mine_inspectors.htm
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Impact on the Public

Although some incidents may cause private propdamage and casualties, others may affect roadwaysher
public infrastructure, and thus cause a more génengact on the population of an area. (Pleaserré& the
infrastructure failures subsection.)

Impact on Public Confidence in State Governance

The public may be prone to overestimate the amolknowledge possessed by State government regaadgéas and
specific locations in which historic mines havestad. Subsidence events that involve damage tastnficture or
roadways may be attributed to poor maintenanceudifg, rather than to the actual cause of subsal¢mat was
responsible. Uncertainty about the extent of fiiskn subsidence may cause collective dissatisfastioh the area in
which the hazard is present (or perceived to begmtg, and (at an extreme) may lower property \whred cause or
exacerbate emigration from the area.

Impact on Responders

Special hazards may be present in old mines omgksubsidence areas, which may present a riskritfeiucollapses
during emergency response. Areas that involve dpapes, into which personnel and equipment miynkatessarily
entail a more complicated and dangerous situabonesponders. Old mining tunnels may also coritatit gases (as
referred to in the oil and gas well subsectionthizf document).

Impact on the Environment

Environmental impacts stemming from subsidencesaneewhat similar to those caused by an earthq@ianges in
an area's landscape, wildlife habitat and the aheoosystem can all result from a sudden depmessithe Earth's
surface. In a severe event, infrastructure mayameadjed and could release toxins into the air, goihaterways.

Significant Subsidence I ncidents

Fortunately, Michigan has not had a catastrophigsisience incident that involved death, injury odegpread
property damage. However, smaller subsidence entsdhave occurred that involved a single sitetrocure. The
following incidents led to the implementation ofcl@mation projects designed to mitigate subsideingeacts.
(Pertinent out-of-state incidents are also disali¥se

Various dates - U.S. Coastal States

In Florida, Louisiana, and some other coastal stat@bsidence occurs with regularity, but for défe reasons than it occurs in Michigan and othieing states.

In Florida, subsidence is caused primarily by rédns in the water table caused by land developnagict groundwater withdrawal. Florida’s cavernous
limestone geology also plays a major role in itssilence problem. A good example of that problecuged on May 8-9, 1981 in Winter Park, Floridden
land collapsed, over a 36-hour period, into a sitklB24 feet wide and 100 feet deep. The collapse eaused in part by a prevailing drought. Danveas
estimated at over $2 million and included a hossegeral cars, portions of several businesseststas®d a municipal swimming pool. In Louisianghsidence is
usually the result of a combination of oil and gagaction, salt-water intrusion, and soil consatiidn. Other coastal states face similar subsielenablems.

October 1984 - Jackson County
In October 1984, the abandoned Andrews Street Mo in Jackson County partially collapsed, causindetached garage, driveway and vehicle at aaes&
to collapse into a shallow sinkhole. A $12,000 egeacy reclamation project was instituted in thédtssdence incident.

October 1985 - Huron County
In October 1985, a subsidence incident occurreduron County that resulted in a sinkhole that sowedld up a portion of roadway. A $15,000 emergency
reclamation project was instituted to mitigate ¢hese of the collapse.

May 1987 - Saginaw County
In May 1987, a subsidence incident in Saginaw Cpwatused an attached garage and breezeway on a twusop down several inches, damaging both
structures. A $35,000 emergency reclamation prdjelped to mitigate the threat of future subsi@esicthat site.

March 1995 - Guernsey County, Ohio

In some other states around the country, subsidesm&deen a much more significant problem. Fomgie, coal mining states such as lllinois, Kentydkiest
Virginia, and Pennsylvania have large areas thatvamerable to mine subsidence. In our neighlgostate of Ohio, mine subsidence led to the calagfsa
portion of Interstate 70 in Guernsey County in Mat®95. That subsidence incident and the enseipairwork closed the eastbound and westbound lafnles
70 (a major national east-west highway) for severahths, and final repair costs were $3.8 millidfortunately, no deaths or injuries occurred assalt of the
roadway collapse.

June 1999 - Philadelphia, Pennsylvania

Another dimension of the subsidence problem camigltid in early June 1999 in Philadelphia, Pennagla, when several rowhouses were evacuated amd tor
down because they were sinking into the groundimadnger of collapsing. The homes had been iouilie 1920s on old creek beds filled with a 21tfager of

ash and cinders. Over time, the ground under tineels had slowly subsided, but then acceleratebet@oint where structural collapse was a real pdigi
Officials suspect that sewer work done in the ane4996 may have exacerbated and accelerated thdepr. State assistance was provided to the etetua
homeowners to help offset the loss of their homgtomeowners insurance policies generally do neecsubsidence-related problems.) In 1987, the i&id

paid another $20 million to reimburse losses t®Q flomeowners whose homes were also found to kimgimto the ground.

Although this problem occurred in Pennsylvaniahdts implications for Michigan and other states. ilddog homes and businesses over streambeds and
floodplains was a standard practice across thetgodaring the early part of the ®@entury. Home construction was lightly regulatieding that period, and the
regulations that were enforced were generally tacgenore toward fire safety or other health andtaton concerns. Hundreds of thousands of honnes a
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businesses across the country may have been mufiese unstable areas. Local building recordofiea incomplete or non-existent, so the situatizay not
become evident until a home or business beginimkargto the ground.

June 1999 - Milan (Monroe County)

On June 29, 1999 northbound traffic on U.S.-23 daMwas diverted for approximately 10 hours aftex pavement sank eight inches over a 30-footcstret
highway. The subsidence and traffic diversion edusaffic to back up for several miles throughthe day. Although a definitive cause of the subisa® was
not established, officials believe a leaking steewer may have contributed to the problem.

July 1999 - Iron Mountain (Dickinson County)

On July 27, 1999 an abandoned mineshaft in Iron o (Dickinson County) caved in, exposing a 56tfdiameter by 1,600-foot deep shaft. The cave-in
occurred directly adjacent to the Cornish Pumpingie and Mining Museum, a popular tourist att@tin the downtown area. The structure was in danf
collapsing into the opening until temporary stataition measures were taken. Officials were alswemed that further subsidence could have damagary
infrastructure, including a roadway. Because #nedn posed a significant threat to public safatyzovernor’'s Emergency Declaration was granteordwide
state assistance in securing the site and pernipiapping the opening.

February 2000 — Detroit (Wayne County)
On February 9, 2000 a 15-foot sinkhole opened uB@meca near Mack, on Detroit’s east side. THénsle swallowed up a half-ton pickup truck. Fostely,
the truck’s two occupants escaped serious inj@fficials believe a leaking underground pipe mayeheaused the subsidence.

April 2001 — Gaastra (Iron County)

On April 19, 2001 the City of Gaastra in Iron Countistained a cave-in of 3,360 cubic yards ofaihe abandoned Baltic Mine Pit in the city, leavfour feet

of ground between the mine pit and the City’'s n{aimd only) sewer line to the wastewater treatménitp (When the sewer line was installed in 19B8dre were
100 feet of ground between the line and the eddkeopit. From 1984 to 2001, the annual recessitmat the site was nearly six feet per year.g April 2001

cave-in was the second major subsidence incidehtasite in recent months, following on the heéla similar cave-in that occurred in August 20Q@cal and

state officials feared that another subsidencelertiat the site could cause the sewer line tdkbreaulting in significant public health, safetydaenvironmental
concerns due to lack of sewer service, contaminaifanearby water wells, and contamination of tfom IRiver. In addition, a major subsidence inctdesuld

also have caused a partial collapse of County Ri2ad(which runs parallel to the sewer line), nagdyi impacting the area’s residents and touristrded

businesses.

To mitigate further damage to the threatened séiwey the City of Gaastra applied for a Hazard §&tion Grant Program (HMGP) grant to relocate the |
outside the subsidence area. Work on that preyastsuccessfully completed, including approprig¢épsto stabilize the roadway shoulder and prefrettier

ground collapse.

March 2004 - Detroit (Wayne County)
On March 25, 2004 a sinkhole about 20 feet widehiékeet deep opened in the westbound lanes di&Road. It was determined that water main wadoke
in the area in the previous six months had not loeempleted properly. Leaking water apparently vedstway the soil underneath and created the siekhol

August 2004 - Sterling Heights (Macomb County)

On August 22, 2004 a sewer line break caused msaft15 Mile Road in Sterling Heights to collappeompting residents in six homes to evacuatethedtreet
to close for several weeks. After the break, timélwles formed and eventually merged, forming bake 150 long and 45 feet wide There were aboutdtbes
in the area that lost water service for severarhiand around 1,000 Detroit Edison customers logatep because utility poles were being removed %caeations
to reach the sewer. About 7 million gallons of sewage was diverted daily from the collapsed séwterthe Mount Clemens sewage treatment plant¢uent
wastewater from entering basements or pollutingigodrains and streams. Eight families living de edge of the sinkhole tried to claim $1 millicacle for
damages to their homes and for health reasonsoubdome had been reached at the time of this \gritin

May 20, 2010 — Detroit (Wayne County)

A sinkhole large enough to swallow a car appearetlay 20, 2010 in downtown Detroit and closed Wesfayette Street between Shelby and Griswald. The
street began to crumble away after crews workindetmolish the historic Lafayette Building punctueediater line.

October 4, 2010 — Stephenson (Menominee County)

A 600-foot long crevice suddenly opened up—in sqiaees only a foot wide and a few inches deepjrbother places more than 2 feet wide and 5 feepde
Fortunately, this took place in an undeveloped arearivate property, where no injuries were caumed no damage to built property or physical irtfracture
was reported. Vibrations were felt by nearly resid, who were uncertain whether they were feelireg effects of explosive blasting or some othecdor
Although this event resulted in no harm, the exgeudirector of the Delta Conservation District (fadstone) was quoted in newspaper reports asgtatt this
type of phenomenon is not unusual in the Upperri3etha. He stated that the cause of the fissuradsmlilike it was the result of rock fracturing belthe
surface—that areas containing fractured rock foimnatcan result in fissures and sinkholes as theltref pressures generated by the annual freere-phocess
(and that the same process could also form hills)

January 21, 2011 — Detroit (Wayne County)
A Detroit man was injured when the front end of &ldV went into a 10-foot-wide sinkhole caused hyader main break on Detroit's west side. The 52~gbd
victim was taken to a local hospital, where he weated for minor injuries. The sinkhole was orkRiod Street between Heyden and Vaughan.

August 18, 2011 — Detroit (Wayne County)

Another serious incident occurred in Detroit, ttilse on Beaubien between Chandler and Smith, wheartéally collapsed sewer caused a massive siekiol
appear in the street. An SUV driving over thatt drthe street was the last stress that the uglkgiavement could take, and the car nosedived easotd
collapsed downward, shattering a water main inptieeess and causing the sinkhole to completelyith water. Two women and an infant were sucegiysf
rescued from the vehicle, and some area residearswithout water as the main was being repaired.

March 23, 2011 — Ann Arbor (Washtenaw County)

A crack in a concrete retention system caused fa@tOsinkhole to occur on March 23, 2011 in Ann érboutside an underground parking structure cangtm
site. The combination of the retention wall, thaviing of the ground and sandy soils could have eas underground cavity behind the concrete rietent
system to bubble up vertically to open the holeobusinesses were closed for the day after thengropened in a shared parking lot used by botmbases.
January 18, 2014 — Detroit (Wayne County)

A gaping sinkhole appeared in East Jefferson AveitRandolph Street near the Renaissance Ceniteraslabout 8 feet wide and several feet deefi@morth
lane. Sometime overnight on Saturday night or &ynudorning, January 18-19, smaller road problents éxganded into this gaping hole. It is not known
whether some cars suffered damage during its feemebut the area was soon cordoned off to be vebdgon by repair crews.

252
Natural Hazards — Geological (Ground Movement —sildnce)



Programs and I nitiatives

Michigan Department of Environmental Quality, Offiof Geological Survey

The Michigan Department of Environmental Qualityffié® of Geological Survey (MDEQ/OGS), regulatestatiec
mining in Michigan. The OGS regulatory authorisygranted under Parts 631, 635 and 637 of the §achNatural
Resources and Environmental Protection Act, 19944BA, as amended. The Office’s activities inclusiiing
permits for metallic mining operations, maintainimgaps and records on mining areas, and regulatimge m
reclamation. In terms of mine subsidence, the Q@Eks with local officials and the Office of SurtadMining
Reclamation and Enforcement (OSMRE), U.S. Departrokthe Interior, to mitigate coal mine subsidepceblems
through special projects aimed at properly seaimge shafts and otherwise ensuring the structurgrity of
underground coal mined areas.

Surface Mining Control and Reclamation Act

There is very limited state funding for mine suleside mitigation. Therefore, most of the funding dach projects
comes from the federal government. The primanefa@dfunding source is the Abandoned Mine Lands AM
Reclamation Fund in the Surface Mining Control &etlamation Act (SMCRA), P.L. 95-87, administergdtbe
U.S. Department of Interiors OSMRE. AML funds aderived through a tax on coal production targeséed
reclaiming land and water resources adversely t&ifieby pre-1977 coal mining. These funds can h&sased for
mine subsidence mitigation measures and salt ggalinich Michigan has done on numerous occasidtsrmally,
priority is given to those emergency projects thablve mine lands that present an immediate datméne public
health, safety or general welfare. Typically, swarhergencies include landslides near homes andsacoads,
subsidence occurring under houses and public bgidimine and coal waste fires, and open minestaftevered
near populated areas.

Subsidence Insurance

Unlike states such as lllinois, Ohio, PennsylvaKientucky and West Virginia, which have state ilaswwe programs
for homes and businesses in subsidence-prone Medsgan does not have such a program. As atdsone and
business owners and communities that are affegteslibsidence must rely on whatever private inswaayments
they can collect for subsidence-related damageshey must pay for damages out-of-pocket. (Sulbsieeelated
damage is generally not covered under a standang@dwner’s insurance policy.)

National Association of Abandoned Mine Land Proggam

Michigan is a member of the National AssociatiolAbndoned Mine Land Programs, a national advogamyp that
provides a forum and clearinghouse for addressisigeis and problems pertaining to mine subsiderccesgtamation.
Michigan’s participation is beneficial in that itigs tremendous knowledge of the experiences drattates in
reclaiming mine sites and mitigating subsidencen abdition, Michigan also gains knowledge aboutremnir
reclamation and mitigation technologies that cdagchpplied to problem areas in the state.

Mitigation Alternatives for Subsidence

= |dentifying and mapping old mining areas and geclly unstable terrain, and limiting or preventing
development in high-risk areas.
Filling or buttressing subterranean open spaca$(as abandoned mines) to discourage their collapse
Hydrological monitoring of groundwater levels irbsidence-prone areas.
Insurance coverage for subsidence hazards.
Real estate disclosure laws.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPilaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking paat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development, and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.
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Regarding the first type of State-local planningorciination, MSP guidance has included the “Localzadte
Mitigation Planning Workbook” (EMD-PUB 207), whicis currently being updated for release by 2015r the
second type of State-local planning coordinatioseetion later in this plan summarizes hazard pyiarformation as
it has been reported in local hazard mitigatiomglaHere, it will merely be noted that subsidewes identified as
one of the most significant hazards in the localind mitigation plans for Baraga, Dickinson, andugtaton counties.

Local Mine Inspectors

Information about the locations and subsurface itimmd of mines has no guarantee of being compEherin an
area, and since many mines exist on private prppi owners of that property often have an irgieirenot allowing
any mine details to be publicized (lest the infalioracause trespassers to be attracted to thepepsg. However,
known mines are subject to inspection, to deterrtiied stability and safety. Valuable informatimnavailable for
certain counties and their local Mine Inspectdrecally specific information should be sought froine relevant Mine
Inspector for that area. Please refer to thelisilable abttp://www.mg.mtu.edu/mine_inspectors.htm
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CELESTIAL IMPACT

An impact or threatened impact from a meteorite, asteroid, comet, satellite, space vehicle, space debris, solar storms,
or similar phenomena that may cause physical damages or other disruptions.

Hazard Description

The celestial impact hazard primarily concernsetfects of large forces (from objects or energyyruthe Earth or its
atmosphere. Most such forces are extraterregtr@igin—meteor s (which burn up in the atmosphere)meteorites
(which impact physically upon the ground) that werginally asteroids or comets from elsewhere in the solar
system. It must be noted that even in cases witerseteorite actually strikes the ground, the esiplenergies from
the meteor’s impact upon the many layers of atmesplesan create an intense heat and blast area witim very
strong winds, and can release more energy thantbeelargest nuclear bombs. Massive or fast mobimgjes that
impact upon either the ground, the oceans, ortimesphere can cause widespread destruction angtasr of both
human and natural systems, including secondaryrtiszaich as earthquakes, volcanoes, tsunamis egeceswvinds,
although events of that magnitude are extremely. rar

Much more common is the flare-up of energy and géduparticles that are emitted and ejected by timea®d impact
upon the Earth’s atmosphere. Theskar geomagnetic storms (also known aspace weather) can cause widespread
failures of important satellite, electronic, comrimation, navigation, guidance and electric powesteys—which
have all formed a very important part of our modehnology and lifestyles. Because of the amauadtcomplexity
of information concerning the potential impactatfirepace objects, a great deal of this section bas Hevoted to an
explanation and analysis of that hazard. Howevés,important to note at the outset that thersstarm hazard is far
more likely in the near term to cause disruptiie@s, large economic impacts, and risks to huriian The smaller
amount of text dedicated to space weather in thisichent should not mislead readers into a sensd thaonsidered
less important, or that it is expected to cause iegact in the near future. Rather, the conclusibthe analysis
presented here is that the effects of space weh#wer already had, and are much more likely to hstveng impacts
upon Michigan within the normal historical timefrarthat is typical for this type of plan. By cor#friathe extensive
discussion of impacting physical objects is giveimarily to be “on the safe side” so that readerd amergency
managers can be well-informed in the unlikely extbat a very serious incident does occur, or tlere&t occur.

Although it has been estimated that a major imfraech a physical body upon the Earth occurs appraiéty once
per century, recent discoveries (and the fact math more of the Earth has been covered by humeslafenments
within the recent past) have caused increasingezonaver this hazard. Although most meteoritesld/be expected
to strike an ocean rather than a continent, theceffof a large enough ocean strike can still t@elyidamaging,
through resulting tsunami and seismic activities.

An important type of celestial impact involves theerference or disruption of modern electronic anthmunications
systems, including those upon which our modernti&wvianetworks rely. Solar flares and storms (dtsown as
“space weather”) are highly relevant for their pi@ impacts and possible disruption of these demnpnodern
communication systems—satellites, television, rad®S, power supply networks, and the extensiveanuand
technological infrastructure that relies upon thosemunication and utility networks.

Extensive evidence of previous celestial impactsnugarth has been discovered, including evidenca bistoric

crater site located in southwest Michigan, buthet majority of historical Earth impacts have Hhéir evidence

erased from normal observation by the ongoing ggcdd processes that take place over time. Evenatygest of

impact sites would no longer be evident to norntedenvation after a period of about 200 million we@rsually much,
much less). Such an amount of time is less thabite Earth’'s overall age, but it has been fotivad impacts used
to occur much more frequently during the earlieriqus in Earth’s history (i.e. nearer to the perafdplanetary

formation) than they do in recent geological pesioclearer evidence of the many historical impaets be seen on
other celestial bodies that are less geologicallive, such as Earth’s own Moon.

Asteroids

Most asteroids are located in the main asteroitd dved have well-defined orbits there between 20D 20 million

miles from the Sun, but thousands of asteroids ailgst in other parts of the solar system. Theee gioups of
“Trojan” asteroids that share an orbit with Jupiter example, located 60 degrees both ahead ofbahéthd that
planet itself while going around the Sun. Astesoidat have paths which cross over Earth’'s orlatcassified as
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Near-Earth Objects (NEOs), and are called Apolkeragds. Two other types of NEOs are Amor astexoighich

approach the Earth’s orbit from positions outsifi&,cand Aten asteroids, which approach the Eartrbit from the
direction of the Sun. As of January 2009, thereewig021 NEOs identified, of which 1,026 were dfesd as posing
the possibility of threat (having the potentialadmme within 466,000 miles of the Earth’s orbit; tgymparison, the
average distance of the moon is 238,900 miles)e tYpical asteroid would impact upon the Earthratagle of 45
degrees and a speed of 10 miles per second, hideasariation around this average is possible.

Comets

More than 99% of all meteorites come from asterollg some comet impacts have also been confirrfeard
known, constituting less than 0.03% of all metem)it The main difference between comets and ad¢ei® that
comets tend to have elliptical orbits that carrgnthout beyond the “nebular frost line” (locatedhe main asteroid
belt, about 250 million miles from the Sun) andslitiveir composition includes a substantial amo@intyoand frozen
matter. Comets usually lose about 0.1% of thisenagach time they pass by the sun, due to theteftd warming
and the pressure of solar radiation, and this matsds behind them in their long “tails,” whicimdlude charged
particles (with associated magnetic fields) andstagich across many tens of millions of milespdce. Where such
tails cross the Earth’s orbit, this matter (typigalmall and harmless to us) generates sometimedaglar “meteor
showers” as it periodically burns up in the Earthtisiosphere at regular times during the year. rAfteertain number
of orbits, however, the comet simply breaks apdtiien if less dense than the average asteroidjmett heavy
nucleus can be sizeable (from several hundred sm&deover 40km in diameter), and a comet impachupe Earth
would typically occur at a speed of 31 miles pesosel—about three times as fast as the averageoistarnth a
proportionally larger momentum of destructive egafghe amount of mass is the same. (It is wordting here that
the maximum impact upon the Earth for any objebitimg the Sun would be no more than 44.5 milesga=ond-
160,000 miles per hour.)

Comets are classifiable by their orbital periodjmibng period comets taking more than 200 yeatsateel around the
Sun, and short period comets taking less than thae short period comets are further subdividéd Halley-type
comets with orbital periods between 30 and 200syemnd Jupiter-type comets with orbital perioddess than 30
years. Long period comets originate in the fatthesches of the Solar System (the Oort Cloud)agmtoach the Sun
and Earth from every direction, while short peramanets originate from the “Kuiper Belt” that exifisyond Neptune
and is approximately in the same plane as all @ntlajor planets. Short period comets thus wouptageh us from
more predictable, shallow angles. The comet oabirts to glow, though, when it approaches to withand 5 Earth-
distances from the Sun (3 to 5 astronomical uni&ce short-period comets tend to last for ontyadter of hundreds
or perhaps thousands of orbits, their number sderbe replenished by a reservoir in our solar syqi®hose orbits
eventually become shifted by gravitational perttidms). The Oort Cloud probably contains aboutilkon comets,
but most of these remain so far away that we remaaware of them. The Kuiper Belt contains biliasf comets,
and the average diameter of one that comes nélag Bun is about 10 km.

If advance notice of an approaching meteor, agtearicomet is available, then widespread alertghtribe prompted
by this information, much as the explosive brea&tithe Space Shuttle Columbia in 2003 had requiradhings and
alerts across multiple southwestern states, dufeqossibility of persons and property being aédcby falling
debris. (See the event descriptions that appéaritathis chapter.) In the case of the Cosmasd@t Space Shuttle
incidents, such debris needed special handlind) fmt purposes of investigation and out of concempersonal
safety, since some of it could have contained lumees substances. The threat of a celestial impadd be much
more dangerous and far-reaching. One clear exaoipiee potential damage was seen in the impathefcomet
Shoemaker-Levy 9 on the planet Jupiter, in 1994chviresulted in blasts that were estimated as glévalent of ten
million megatons of explosives. In comparison, 189 Mount St. Helens eruption was roughly 5 megstand the
1885 Krakatoa eruption in Indonesia was about 1@@atons. Following the Shoemaker-Levy comet impact
Congress authorized new research to analyze thésdf/celestial impact hazard.

Space Weather
The Sun does not “burn” in the sense that we ugalberience that common heat-generating proce€saah, but

rather emits huge amounts of energy from the caoatia processes of nuclear fusion that take plateeidun’s core.
The gravitational pressures of the Sun’s enormoassipulling toward itself, are thus generally etffey outward
pressures from the fusion processes that take ptatecore. Enormous amounts of energy are tedlisom the Sun,
including the spectrum of electromagnetic waveshupugh gamma wave frequencies. These includaridr (heat)
radiation, ultraviolet, all colors of visible light-rays, microwaves, and radio waves. The intgnsithese forms of
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radiation varies, and gamma waves are normally emitted during solar flare events (to be explaigkdrtly). It
should also be understood that in the midst ofn@lse solar interactions of matter and energy aveedul magnetic
forces, which also affect the distribution of heaergy in and around the Sun and sometimes caoter emeas, called
sunspots, to form for a while, readily visible even withucte forms of observational equipment. (Although an
observer should never look directly at the Sunjn@nick of solar light projected onto a surface yides one basic
means of seeing a Solar image). The relativelyteEmwperatures of sunspot areas, however, are abwjille a rise in
energy_above the Sun’s surfac&olar prominences are arches of plasma that soar above the Surfacsurin a
pattern that is itself shaped by the powerful méigrfelds present. In some cases, these magfielils have become
too twisted to maintain such forces within thesdirary patterns, andsalar flare is generated, which releases a huge
amount of energy from the Sun. Normallysahar wind exists in the form of milder pressures exertecebytted
photons, ions, and other particles that flow outifaom the Sun until they are eventually haltedy@vel the orbit of
Neptune, at an area called the heliopause) byrésspre of interstellar gases. Within the realrthefSun’s planets,
however, the solar wind is an ongoing feature @& #pace environment, constantly sending energycaadged
particles outward.

Space weather is a term that denotes the impacts of the Sunigigcupon the bodies within this sphere inside th
heliopause, including our own Earth. As with theather on Earth, there are some clear patternsuthatxhibited by
space weather. More turbulent space weather dupeal during times when more sunspots are presaifgq a solar
maximum), and space weather is calm during timesvwgunspots are rare and small (or not even sdempoesent at
all, called a solar minimum). Aunspot cycle exists, in which sunspot activity regularly shiftstween a minimum
and maximum level. As with our Earthly seasonsydwer, it cannot be known in advance exactly hodsulent or
calm things will be at a given moment during thaspot cycle—only that calmer periods regularly givesy to more
turbulent periods. As to the regularity of the st cycle itself, although it has been found thataverage amount
of time between a solar minimum and a solar maxinmiabout 11 years, the actual length varies cuibét within
each cycle. The interval is sometimes as longbagehrs and sometimes as short as 7 years. Itiagdi has been
observed that long periods can occur with littlenor sunspot activity. The “Maunder minimum,” whiokcurred
between the years 1645 and 1715, is the primamnpbeaof such long-term variation from the normatley but it is
not yet known what caused it, or when it might reclihe Earth’s atmosphere serves as a shieldsfagainst many
types of particles and radiation zipping acrossepand Earth also hasnaagnetosphere that similarly provides
protection against most of the charged particlageling through space. There are some weak spdteiEarth’s
magnetic field, however, that exist near its twagnetic poles and allow many ions to penetrate, a/iieey collide
with atoms in the Earth’s upper atmosphere and gtoproduce the beautiful auroras in the skiedhefarctic regions
of the north and south. In addition, the Eartlsusrounded by “belts” of charged particles (calN&h Allen belts)
which are hazardous to spacecraft and astrondinsse are known and predictable conditions of cgdace weather,
however, and the actual hazard is the turbulenaeishgenerated by large solar flares, causingl@na®d with radio
communications, damage to satellites, and evenmtisns in power delivery networks on the Earthurréntly, as of
early 2012, sunspot cycle number 24 is proceeding) a solar minimum that was reached in DecembéB8and is
projected to transition to a solar maximum by e2f¥3 (a relatively short cycle).

Another type of solar disturbance is@onal mass g ection (CME), in which built-up pressures cause a suduest
in gases and magnetic fields at tremendous spegtisimpacts that reach far across interplanetaacs. Like solar
flares, CME events are a cause of geomagnetic stgemts on Earth (usually 1 to 4 days after tharsevent), and
they occur more frequently during periods with mswaspots. One of the additional effects of spaeather involves
increased exposure to ionizing radiation (e.g.ysyaespecially among those in aircraft at higltuales and along
polar flight paths. Extra costs, in fuel and dslagre imposed upon airlines during periods of fisirapace weather.

Hazard Analysis

A couple of scales have been developed to numbrisammarize the extent of risk associated withradgtrestrial
celestial bodies, such as comets, asteroids, angonogds. One scale is called the Palermo scalesibce that is
tricky to interpret, the Torino Scale has insteadrbfeatured in media reports since its initiasprgation at a United
Nations conference in 1995, and it was adoptechbyirtternational Astronomical Union in 1999. Baitales take
into consideration the amount of destructive enghgy an impact could cause, and the probabilitguzh an impact
occurring. It is common for newly discovered olgeio have their initial classifications on thesalss subsequently
downgraded, as additional information is collectieat more precisely defines the exact path of thjeab. In other
words, an object that is initially classified awving the potential for impact, and thus being wertli closer study, is
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often later reclassified as additional informatieneals that little or no significant impact poiahexists. The lower
numbers on the scale should not be interpreteddasaiting any particular concern, and in the presi@5 years, only
one object (99942 Apophis) had temporarily beessifeed as high as a 4 on the Torino scale. Bamgsteroid large
enough to cause regional devastation if it stréglgphis had initially been estimated to have a 45000 chance of
striking the Earth on April 13, 2036, but as monéoimation was obtained about its trajectory, thstimate was
downgraded to only a 4 in 1 million probability.lthough the asteroid’s approach will be spectacidarbserve, it is
predicted to come as close as 18,300 miles away the Earth’s surface as it passes. (In Celdstials, this is a very
near miss, because that distance is smaller tiacitumference of the Earth.)

The official explanation of Torino Scale ratinge g@rovided below. In addition to numerical catég®ifrom 0 to 10,
the scale is also color-coded in five categoriesnfwhite to red.

THE TORINO IMPACT HAZARD SCALE:
No Hazard (White Zone)
0: The likelihood of a collision is zero, or is kw as to be effectively zero. Also applies to dnadljects such as
meteors and bodies that burn up in the atmospisenekhas infrequent meteorite falls that rarelysseadamage.
Normal (Green Zone)
1. A routine discovery in which a pass near thetlE# predicted that poses no unusual level of danGurrent
calculations show the chance of collision is ex&bmunlikely with no cause for public attention public concern.
New telescopic observations very likely will leadre-assignment to Level O.
Meriting Attention by Astronomers (Yellow Zone)
2: A discovery, which may become routine with exgheoh searches, of an object making a somewhat blaisaot
highly unusual pass near the Earth. While meritittigntion by astronomers, there is no cause foliqatiention or
public concern as an actual collision is very uslljk New telescopic observations very likely widald to re-
assignment to Level 0.
3: A close encounter, meriting attention by astroas. Current calculations give a 1% or greatenchaf collision
capable of localized destruction. Most likely, néslescopic observations will lead to re-assignntentevel O.
Attention by public and by public officials is mel if the encounter is less than a decade away.
4: A close encounter, meriting attention by astroacs. Current calculations give a 1% or greatenchaf collision
capable of regional devastation. Most likely, neslescopic observations will lead to re-assignmentevel O.
Attention by public and by public officials is medl if the encounter is less than a decade away.
Threatening (Orange Zone)
5: A close encounter posing a serious but stilleutaén threat of regional devastation. Criticakation by astronomers
is needed to determine conclusively whether oranotllision will occur. If the encounter is lesatha decade away,
governmental contingency planning may be warranted.
6: A close encounter by a large object posing #owserbut still uncertain threat of a global catagtre. Critical
attention by astronomers is needed to determinelusimely whether or not a collision will occur.tlie encounter is
less than three decades away, governmental contipgganning may be warranted.
7: A very close encounter by a large object, whiiaktcurring this century, poses an unprecedentedtill uncertain
threat of a global catastrophe. For such a thmeahis century, international contingency planniegwarranted,
especially to determine urgently and conclusivetether or not a collision will occur.
Certain Collisions (Red Zone)
8: A collision is certain, capable of causing l@madl destruction for an impact over land or pogsibtsunami if close
offshore. Such events occur on average betweenperce0 years and once per several 1000 years.
9: A collision is certain, capable of causing umgdented regional devastation for a land impadherthreat of a
major tsunami for an ocean impact. Such eventsramtaverage between once per 10,000 years andhend®0,000
years.
10: A collision is certain, capable of causing glbblimatic catastrophe that may threaten the &tfrcivilization as
we know it, whether impacting land or ocean. Sugmeés occur on average once per 100,000 yearsssoften.

Note: This is the Torino Scale as revised in 2005. Apbm@a of the Torino Scale is also available at
http://neo.jpl.nasa.gov/images/torino_scale.jpg .

The Palermo Technical Impact Hazard Scale is diffdrent, with values less than -2 reflecting egeior which no
consequences are likely, values between -2 andi€aiting situations that merit careful monitorimgqd values above
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zero indicating situations that merit some levelcohcern. This document presents only the Toricadesin its
entirety, since that scale was developed for gépeiaic informational uses.

About 40,000 to 60,000 tons of extraterrestrial eriat falls onto the Earth each year, but mosttas imere dust.
Larger materials fall during regular cycles calledteor showers, but again most of it is small ehawgharmlessly
burn up (through ablation) as it hits the Earthim@sphere at high speeds (typically about 67,000)mDuring
meteor showers, the material is typically leftodlebris from comets that had crossed the Earth's, @d most such
material is very small and harmless to us. Malte¢hat does survive ablation to strike the Eargusface lands in
random locations, and since 70% of the Earth’saserfis water, these meteorites mostly go unnotigedrdinary
people. The risk to Michigan is calculable in gahéerms, by considering the proportion of thetEartotal surface
area that is occupied by Michigan’s land area.s Thiapproximately 2.9 x T0or 0.00029. The frequency of global
impact events can then be multiplied by this fatdoestimate the frequency of impact events diyagtlon Michigan’'s
land area. This results in the following estimai@s,average, for different sizes of impacts uporchigian's land
itself:

» About 1 to 5 impacts per year that are larger thdg (golf-ball size) — This may kill an individutidat is
struck, but since most space is not occupied byesom at any particular moment, such a thing is
exceptionally rare, and there have only been aleoapconfirmed meteorite injuries worldwide. leat,
such incidents are more likely to simply cause tiohi property damage to a car or home, although thei
appearance in the sky can appear impressive aaddompanied by a sonic boom. (Example: the Waatten
County strike of 1997.)

» About one impact per century involving an objectntdre than 100kg (220 pounds), and about one impact
every 1700 years involving an object of more th@@(kg (about 2200 pounds) — These types of eveoirow
result in loud sounds and bright flare-ups in tke $eaving a field of fragments strewn across aadhat is
miles across, but actual damages are likely torthg moderate unless a dense urban area or criticdity
happens to be struck. (Example: the Park Forlegtyént of 2003.)

» About one impact every 350,000 years involving bject of more than 100,000kg (about 220,000 pourds)
This is the type of impact that resembles an atdiast, exploding brightly in the sky and producagery
strong blast wave and severe winds that would caxtemsive building damages and collapse at gréawed,
and would flatten forest lands. (Example: the Tuskg, USSR event of 1908.)

Although that last type of event is so rare thateied not be of general concern for Michigan, ttedability of such
an event affecting some part of the U.S. and petigntausing a national emergency is a bit larget,still remote. It
is most probable that the next such event will oedsewhere in the world (on the order of abouvédné per century)
and, although potentially devastating to that akéiahigan’s role would probably only involve theluatary donation
of humanitarian aid to the disaster area. Onesémable scenario could involve an asteroid impetitie ocean, which
causes tsunami impacts upon the associated ceasflithe U.S.—waves could be more than 100 fedt frigm the
impact of an asteroid with a diameter of 1300 fakthough that scale of event would only be expkeatgout once in
80,000 years. These types of large events—thetkisidwould actually form sizeable craters and eatatastrophic
national or global impacts (including major seisraid volcanic effects and global cooling from gaseeffects and
dust, smoke, and particulates deposited into thespthere)—are rare enough that no extensive déeariwill be
provided here—past events of that type are wetliished in a geological timeframe but not in a harhistorical
timeframe. (Reference will be made to such evenisarily in the description of mitigation strategi)

Since meteors flare up brightly in the sky, somespes have speculated about whether meteorites tloeh cause
wildfires to start up. As it turns out, this isrggally not the case. The flaring fireballs arassd by ablation, as the
very fast meteors encounter the atmosphere artibfrigenerates heat, but a great amount of matgpadally burns
away in this process, followed by miles of additibfalling before ground impact, during which tirtee contact with
blowing air exerts a cooling effect. The vast mi&joof meteorites are actually cool when theykgtrihe ground. It
would take a very large impact to bring a degrebezit that is capable of igniting a forest fired @ampacts of that size
are very rare. That type of rare, large impact ld@lso tend to flatten forest lands at the samm tiwith blast
pressure and wind effects that could offset muctheffire risk. A large (Tunguska-sized) event ldocause forest
fires, along with huge amounts of other damage,iaiisdconceivable that a smaller-sized (but sty rare) impact
might cause wildfire ignition if there are alreadsought conditions present that have increaseddhberal wildfire
risk. In general, wildfires will not be caused meteorites, and there is no good evidence thatoaylichigan’'s
historic wildfires were of meteoritic origin.
259
Natural Hazards — Geological (Celestial Impact)



Space weather can be very expensive for those whmurely upon satellites. During a solar maximtine Earth’s
upper atmosphere expands and increases the dragafmlites within low orbits, which will then neige boosting in
order to remain aloft. Electronic circuits can fuattion and cause interruptions or complete lossesperational
capacity. Space missions may also need to be ettlay order to ensure their safety and succegecid design
features may require additional expenses, to mditiae effects of space weather. Communicatiorugli|ns can
inhibit navigation and hinder the safe managemémiroand sea traffic. Electric currents are irellidy the relative
motion of magnetized material, and these can aféeeter supply and pipeline infrastructure, potdiytiaausing

weakening and damage in these systems as welketsoglic malfunctions. Three space weather s@ates use by
NOAA/NWS to summarize the intensity and potentiapact of three different types of space weatharceff Each
uses a 5-category classification scheme, and tilee #tales denote (1) geomagnetic storm interwity, G-scale, (2)
solar radiation storms, on an S-scale, and (3prhffickouts, on an R-scale. Weaker events arergiveumber of 1
on the scale, and extreme events are rated adratbis document, selected material is summarieddw. For more

detailed information, please refer to the NOAA veitke athttp://www.swpc.noaa.gov/NOAAscales/

NOAA Space Weather Scales

NOTE: Each type of space weather may occur separately. Descriptionsof all three types of space weather
war nings ar e here combined into one table merely to conserve space.

HF means high frequency (radio waves), but other radio frequencies may also be affected by these events. LF
means low frequency (radio waves). F: refersto event frequency.

Category|Geomagnetic Storms Solar Radiation Storms Radio Blackouts
Labels |(effect & frequency) (effect & frequency) (effect & frequency)
Minor G1 events can cause weak power grid fluctuatS1 events result in minor impacts on HF radio ilagR1 events cause weak or mi
? minor impacts o satellite operations, effects |regions. F: about 50 such events per solar cgeletjdegradation of HF radio communicat|
migratory animals, and widely visible auroras gof which can last more than 1 day. on the sunlit side of Earth, a
S1 in Northern Michigan. F: about 900 days per g occasional loss of radio contact.
R1 cycle. navigation signals used by maritime
general aviation systems may
degraded fo brief intervals. F: abo
950 days per solar cycle.
ModeratdG?2 events can cause higttitude power systems |S2 events may expose persons in fiigimg aircraft tgR2 events cause lamited blackout o
(327 experience voltage alarms. Lodgration stormjan elevated radiation risk* in area$ high latitudeHF radio communications on the su
may cause transformer damage. Correctior]infrequent singleevent upsets of satellite operatijside of Earth, and loss of radio con
S2 satellite orientation and orbital drgrediction malare possible. Possible effects on HF propagatiifor tens of minutes. LF navigati
R2 be required. HF radio propagation can fad{navigation through polar regions. F: about Zsmg‘signals may also be degraded for ter
higher latitudes. Auroras may be visible throudlper solar cycle, each of which can last more thiminutes. F: about 300 days per s
Michigan. F: about 360 days per solar cycle. |day. cycle.
Strong G3 events may regye voltage corrections at poyS3 events can expose persons in liighg aircraft tdR3 events cause a wide area blacko
G3 systems and may trigger false alarms on |a radiation risk* in areas of high latitude. SkieHF radio communication and loss
protection devices. Satellite orientation probl{operations may experience singleent upset{radio contact for ahd an hour on th
S3 may need correction. Increased atmospheric|imaging system noise, and slight solar pisunlit side of Earth. LF navigati
R3 and component surface charging may odinefficiencies. Degraded HF radio propagatiorjsignals may be degraded for abou
Intermittent LF radio navigatio problems malpolar regions. Navigation position errors areliikeF:|hour. F: about 140 days per solar cyj
occur. F: 130 days per solar cycle. about 10 events per cycle (each can exceed 1 day).
Severe |G4 events may cause widespread voltage cqS4 events can expose persons in liighg aircraft tqR4 events cause an HF ra
? problems for power systems, and mistda radiation risk* in areas of high latitude. Sktisd|communication blackout on most of
exclusion of keyassets from a power grid by somay experience memory device problems, imasunlit side of Earth for 1 to 2 hou
S4 protective systems.  Satellites may experi¢systemsnoise, orientation problems, and degrgwith HF radio contact lost during th
R4 surface charging, tracking and orientation problsolar panel efficiency. A blackout of HF raftime. LF navigation signals cay
that may need correction. Pipelines may expericommunications is likely through the polar regidincreased errors in positioning for 1 t
induced currents. HF radio propagation sporilncreased navigation errors over several day%hours. Minor disruptions ofatellitg
LF radio disrupted. Satelliteased navigation mdlikely. F: about 3 events per solar cycle (eachlnavigation are possible on the su
be degraded for hours. F: about 60 days per |exceed 1 day). side of Earth. F: about 8 days per s
cycle. cycle.
Extreme |G5 events may cause widespread voltage cdS5 events can expose persons in lfigihg aircraft tgR5 events cause a complete HF r
ﬁ and protective system problems in power systja radiation risk* in areasf high latitude. Satellit§blackout on the eire sunlit side o
with some grid systems completely blacking orjmay be rendered useless, may receive permanen|Earth for a number of hours. No
S5 collapsing, and possible damage to transforrjpanel damage, or may experience memory probjradio contact with mariners and aviaf
R5 Satellites may experience extensive sugloss of control, serious imaging data noise, |in this sector. LF navigation sign
charging, orientation, tracking, and linkgnavigation problems. Complete HF ralexperience outages for many hourg
problems. Pipelines may receive induced curl[communications blackouts are pos$sithroughout thithe sunlit side of Earth, causing losg
reaching hundreds of amps. HF radio may bepolar regions. Navigation operations will be extedy|positioning. Satellite navigation err
for 1 to 2 dgs in many areas. LF may be out(difficult and errortaden. F: less than 1 event per slin positioning increase for several hg
hours. Satellitddased navigation may be degralcycle should occur, although an event may excegon the sunlit side and may spread
for days. Bright auroral lights visible at night:|{day in duration. the night side of the Earth. F: fe
about 4 days per solar cycle. than 1 event per cycle.

* Pregnant women are particularly susceptibleto radiation risk.
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Meteors are commonly observed, illuminating brieflythe sky as the force of friction with the Eastlatmosphere
burns away the solid matter they contain. Some=anstpartially survive this process and thus becomaeorites by
striking the Earth’s surface and potentially caggineat amounts of damage. However, there are dasehich huge
fiery blasts occurred in the sky (bolides) with@umy meteorite remnants being found. Enormous darmagestill
occur at ground level from the effects of the hbktst force, and strong winds that result fromdtraospheric impact
(see the description provided for the 1908 evertuaiguska, Russia, later in this section). In toidj the effects of
the sonic boom and blast wave from a less sevaratesuch as the one at Chelyabinsk in Februa@dé, has been
seen to be widely damaging to urban areas, beadutise large amount of glass that is used in Istiilictures.

Part of the usefulness of this analysis is meaimuolve the presentation of information that migheviate confusion
throughout Michigan’s communities and residents;aee some event actually does occur, or shoul@ szaming of

an impending impact eventually be given out. le tbrmer case, those who already have some infamabout

meteors, and the potentially spectacular appearaheither sky or ground impacts, would have a rse@mnmake
sense of an unusual bolide or impact event anddvoelless likely to mistake the event for a nuckegrlosion. A

greater general awareness of the variety and nafuwchigan’s hazards should eventually transiate a lessened
demand for emergency services and information. dé&ample, it might take only 30 seconds to explaina

knowledgeable citizen that a meteor impact caudaaa explosion in the sky (and an impact on tleig), whereas
a less-knowledgeable citizen might seek 20 minatesassurance that the explosion was not nudleatrthe incident
was not connected with a crashing airplane or &ddemtial military experiment, and so on. The psian of advance
information that realistically describes and asseshe nature of unusually severe events can lejprdvide a
framework in which the correct interpretation apdpgonse actions can be undertaken more quicklgficgently.

In the latter case, involving an alert about andngting impact or potential impact, many persons ldvceed
information that allows them to understand the reabf the threat, and the techniques that may bd tes prevent or
mitigate its impacts. For example, there is arr@oos difference between an alert that provideg arfew weeks of
notification, and one that has identified a neeadaftiion over the course of several decades.

It should be realized that although the atmosphearkair around us seems to be “light” and only alsobstacle to
movement (mostly at high speeds or during strongdvgusts), the air nevertheless has enough sulestargustain
heavy aircraft in flight, to hold aloft huge thumgi®rm clouds full of rain, and so on. A meteoastiing into the
atmosphere thus releases tremendous amounts afyeres the result of friction from plunging throudgrge
guantities of air at enormous speeds. This eneagyresult in large (and loud) blast waves, evethef meteor’s
trajectory is obligue enough to cause it to “bouaffé the atmosphere, rather than plunging throitgind hitting the
ground. For example, if a towel is wrapped aroaribwling ball, a baseball can easily be bouncétheftop of the
bowling ball without leaving a dent or scratch I toowling ball’s surface, but it would still makeclearly audible
noise and could crush any small insect that hagpenbe crawling underneath the towel. The tovesl lbe seen as an
analogy for our ecosphere on the surface of theeplaand the visible results of such an atmosphiemiact could
include great bursts of flame, damaging shock wasegere winds, deafening noise, and disruptedheegatterns.

While this section is not intended to focus upoanptary life-ending scenarios (which are remotadgsible but

extremely unlikely to occur within our lifetimesit, does consider the possibility of a major (avérggonce per

century) impact that may cause either an area despgread destruction within the United States, ronnapact

somewhere else in the world that may cause unestets to be felt in distant locations. If a Tusla sized event
(see the 1908 entry in the list of Significant Exgelater in this section) were to affect a dengadpulated area, the
results could be extreme enough to constitute @onkt Emergency. (Please refer to the new sedmstribing

“Catastrophic Incident,” for more discussion abthis, as well as the Nuclear Attack section, forrenmformation

about problems such as mass fires, which may fidselarge blasts.)

This section also considers more common eventshéna fairly limited effects and damages, but mayabsociated
with a significant degree of uncertainty about #rea and population that could be struck by sugtagts. Even
though the number of celestial impact events habagily not increased in recent times, certain tyfeailnerability
have increased (see for example the descriptictheofl859 Carrington Solar Flare event, in the sactiescribing
Significant Events). Our public awareness of thesssibilities has also increased, resulting ireadnfor additional
information to inform citizens about the actuaksiseffects that different types of celestial impamy have, and
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present-day means to prevent or mitigate someeoWirst possible impact scenarios. Most signifiyathe size of

the human population, and the amount of land are&dupies, has changed greatly during the pagtigen The

global population is nearly four times what it waasentury ago, and (especially in the richer najidchis population
growth has been accompanied by a much larger podfidghe land area that has been built-up for unsss. Just
since World War 1, the population of the Unitecht®s has more than doubled, and even in areasawithatively

stable population, residential neighborhoods tgke Uot more space today than they previously hatie period of
time before the suburban “explosion.” A random étippoint today is more likely to affect lands tha¢ developed
to at least a moderate residential capacity, wbiahd result in thousands of casualties.

Although most comets and asteroids have very cemdirajectories that change only very slowlytarms of human
history, Earth-threatening space bodies may sithain undiscovered by humans. There is also tlsilptity that

their traditional orbits may be unexpectedly diseapby collisions with other bodies, or by gravdaal effects such
as that exerted by Jupiter on Comet Shoemaker-Bewyhich caused that comet’s eventual impact ihtoflanet.

“Jupiter-family comets” are those in which a norr(gdfe) orbit of a comet or asteroid may be “sutideaitered in a

manner that causes it to become a threat to Edntleither case (a newly discovered object or ohesg course is
changed), the possibility exists that a seriousachphreat may suddenly be discovered. Howevetensiwe

observations and calculations have been takingpgta@entify and track all potential threats astkind.

It is likely that the next major celestial impactllvoccur somewhere in the world other than Miclmgand that

Michigan’s role as part of the United States waatlthost involve the provision of support to the aofed area and its
surroundings. If a major impact happens to ocauNorth America, then state-level mutual aid masute and

possibly even the intake of evacuees, as had tplka® during the Katrina and Rita hurricane digasté 2005.

Several recent bolide events have been documemthe iGreat Lakes area, but have caused no knomagtato the
state’s area during its European historical erar ¢lve past four centuries. It is possible thataierunexplained
seismic events reported in the Upper Peninsula rttoae two centuries ago may have been caused legtice!

impacts. For the most part, however, the metetateard is important to know about mainly for prepaess and
informational usefulness, rather than due to anah@attern of damaging effects upon Michigan.

The space weather hazard, by contrast, is likelyatgse one or more serious infrastructure failuréle near future,
due to the extent of our reliance on complicatedtebnic and satellite systems that are vulnerblgisruption. In
addition to power failures and phone communicabogakdowns, it is also quite possible for the gitan of radio
and navigational systems to cause risks for airmadne traffic. Even if cautious transportatiaoyiders are diligent
about maintaining safety during such events, cemallle economic impacts and delays can result thenelectronic
breakdowns caused by solar geomagnetic storm events

Impact on the Public

A celestial impact from an object that is eitheffisiently massive or fast-moving can have an dffdtat is
comparable to nuclear blasts, in terms of the amofienergy released in the form of pressure (shaakves and
thermal effects (heat/fire). Additionally, majasréhquake activity would be felt in areas that nalfgnwouldn’t have
had to worry about such effects. An impact intganavater bodies can cause intense tsunamis toroanod severe
winds could also result in extensive physical da@sagany miles (or hundreds of miles) away fromrtfzén impact
site. Depending upon the mass and velocity ofntleéeorite, the impact on the public may range ftom barely
noticeable to the complete destruction of the eratrea, with the most powerful impacts having e¢fsanilar to those
described for nuclear attack (minus the radioacfallout and electromagnetic pulse), earthquakeerse winds,
wildfires, and storm seiches (shoreline floodiraj),described in their own sections in this docutneBpace weather
impacts will result in transportation delays andnowunication interference, and some cases may resuhtal
transportation accidents, large economic losseswégiespread power supply interruptions.

Impact on Public Confidence in State Governance

If a major impact occurs in Michigan or the Greatkés, many persons may feel disgruntled if no aclvavarning
was able to be provided. There is probably notidespread familiarity with this type of hazard, apdpular
conceptions may be rooted in televised or cinenmitrayals in which it was considered that parthef government
perhaps “should have known” about a potential irhpad been able to prevent it. One of the readwaishis hazard
is now being included in state plans is to helpvigl® information that will improve people’s undensting of it.
Moreover, since a significant celestial impact évasuld easily be mistaken for a nuclear blast lanynpersons, an
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educational process could be useful in overcontiregpossible harm caused by such assumptions. xaorpde, if a

large bolide is seen, or actually damages an ared| be helpful for people to have been familigith what the event
actually might be, rather than assuming that it avaeliberate hostile action that may involve seleoy radiation and
security impacts, or assuming that a mass evacuatiescalated level of security alert may be needrather, if it is

understood that there is a natural phenomenoninhedme cases may resemble that of an atomic btasxplosive

attack, then people’s behavior and attention cammbee properly guided toward activities and at&sidhat are
appropriate for a natural disaster rather thanghos a homeland security alert. The potential doip of space
weather will require greater public awareness itkeotto build an understanding about existing wes&eg and the
expense involved in correcting those weaknessesienpossible.

Impact on Responders

A small impact incident would not be likely to causiuch risk for responders, unless the impact ywas @& structure
that became weakened to the point of potentiah&rtollapse. Larger impact incidents would beeswely unusual,
but may be expected to require extensive searchresudie operations, as well as various firefightipgrations and
probable infrastructure failure impacts to be death simultaneously. The presence of hazardouteniads could

also be expected at an impact site that had bemnun nature, or had involved key agriculturalirdrastructure

facilities. A catastrophic impact event could reguextensive use of mutual aid and state/fedeisdster and
emergency assistance, with the possibility thathahmal response resources would be disabled witténarea of
impact, and would need to be replaced by resoufrces adjacent local areas, or even from beyond dfiate.

Underground sheltering would be a useful way tedase the odds of survival from the wind/shock/gaeffects of a
huge bolide event, which would likely pass quicklyd then enable responders to deal with rescuatiqes, fires,

infrastructure failures, and the organization oftmaliaid. The impacts of space weather includerianptions in the
function of radios, satellites, electronics, andrepower supply systems that may be needed forgemey response.
Response activities that involve electronic nav@atechnologies and Global Positioning Systems megd to fall

back upon the use of less technologically advanoeahs to accomplish their mission.

Impact on the Environment

An extremely large impact, even if not in Michigasguld cause a National Emergency situation toeanighich

Michigan may have to help to respond to and rectreen (please refer to the chapter on catastropiticients). A

direct meteorite impact on land could destroy aire@rea, and cause fires, earthquakes, and b#zards for a large
area around the impact. The same types of effactaiso result from the atmospheric blast and ingzdcts of a large
bolide event, even if the celestial body itself slomt strike the ground. A large impact in onghaf Great Lakes
could cause substantial flooding, seiche, and enosnpacts along areas at or near the lake’s codsthas been
speculated that space weather may be connectedglatial climate, but this is primarily due to thesgibly

coincidental occurrence of a “Little Ice Age” (lowaverage temperatures in America and Europe) guhia same
time that the Maunder minimum in solar activity wasserved. The specific mechanisms that would niedguch a

connection have not yet been figured out and tbezesuch a link should probably still be considet@de purely
speculative. On the favorable side, solar actitigyps to shield us from some of the cosmic rags dome from

throughout the universe.

Significant Events

NOTE: Although many of the events listed here oemiout of state, some of them were neverthelege kEnough to
have direct impacts upon Michigan, due to the shesgnitude of the impacts. Other events are irdlfdom a very

long time ago, as well as smaller more recent ayéntgive an indication of the magnitude of wisapdssible. Some
events describe “close calls” and events whosetdumimpact at the time could have been much grdstdrthey

affected a more densely developed location (foraurent circumstances involve much greater pojuadensity

and physical/infrastructure developments than heghlpresent in the past). Some events are inclbelealise they
help to indicate the range of threat posed by #@matd—events outside of Michigan usually represkatlargest

known events or threats, while events involving Mgan tend to represent the typical level of reedrompacts in the
state.

Ancient-Archaic Events
Approximately 1.8 billion years ago — Sudbury, Qitta

One of the largest known impacts took place arobdadbury, Ontario, leaving impact effects that meadib5 miles in diameter. The impact site’s geiialg
structure had been discovered in 1883 but not fijylained until 1964. Debris ejected from the attpsite was thrown as far as the Midwestern n8lyding
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Michigan. This was an impact of global significancThe heat directly
generated by this cataclysmic impact would havediany humans within -
at least 500 miles from the impact site (which ulels all of Michigan), if <= CASS

) COUNTY

humans had been living in the area at the time. {

Approximately 450 million years ago — Cass County
An impact, now designated Calvin 28, struck whahdsv southeastern
Cass County, Michigan, and left effects that aitegeiologically detectable

today. The Calvin impact area is about 5 milediameter, and is located
mid-way between the Village of Vandalia and the hitian-Indiana State
Line. About the same time (in geological terms)nach larger impact
occurred on what is now the northern coast of L8keerior (the Slate
Islands in Ontario) and formed an impact structabmut 19 miles in

diameter. The following map shows the Cass Coimpact area (Source:
University of New Brunswick’s Earth Impact Databagbsite).

Several hundred million years ago — Indiana anaOF
A Kentland, Indiana impact leaves a crater estithdte have originally

measured 8 miles in diameter. A smaller (5 milentiter) Ohio impact
later had Native American burial mounds built os #ite, and is now
known as the Serpent Mounds.

Approximately 65 million years ago — Global

A large impact on the Yucatan peninsula of Mexite jmpact area is now
known as Chicxulub) took place at the end of thet&reous (geological)
period, and thus has been considered to be a direcntributing cause of
the extinction of many prominent species of life Barth at the time,
including the large reptilian dinosaurs. There rbaygalactic cycles that
make major, species-threatening impacts more lidalyng certain periods
of time than others, with mass extinctions seemiogcorrelate with
intervals of between 26 and 32 million years ingtén(over the past 250
million years), perhaps caused by some celestiahtethat sweeps Oort
Cloud or Kuiper Belt objects from the outer parfdte Solar System toward Earth, or by the effefta nearby star going supernova. Certain regairtbe
Milky Way Galaxy, which the Sun passes through gmaand cycle that repeats every 225 to 250 miljiears as it orbits the galaxy’s center, may explosdarth

to more celestial bodies than are normally seeherSolar System during the more stable, intengetime periods. Since the most recent mass ekimgieriod
was about 11 million years ago, there is no expeitteeat of this type during our lifetimes. Thei€&lub impact structure measures about 100 mileameter.
Recently, evidence has been claimed for an evgerdampact site, at around the same time, off testwoast of India. A surge in volcanic activitpk place in
the same geological time frame as the impact ewndghus may have been a result of them.

About 37 million years ago — Ontario

Another impact occurred near the huge Sudbury, @n&ite (mentioned previously) and today is knoasLake Wanapitei, which is just under 5 miles in
diameter.

About 50,000 years ago — Arizona

An impact forms the Barringer Meteor Crater in Anza, which currently measures 570 feet deep anchile® in diameter. Evidence suggests that it feesed

by an iron-nickel asteroid measuring about 100 ifeeliameter, moving with an original velocity d6 800 miles per hour. The impact probably causeddane-
force winds more than a dozen miles from the imgéet the formation of a huge cloud of dust anbride and the displacement of more than 300 miltmrs of
rock.

Circa 900 C.E. or later — Alberta

An impact (“Whitecourt”) at Alberta, Canada, leawesrater that is more than 100 feet wide (nowedathe Brenham Crater).

Circa 1000 C.E. or later — Kansas

A Haviland, Kansas impact leaves a crater abode&dwide. (Also, during the same approximate tpagod, an impact occurred at Sobolev, Russiajrigaan
impression about 3 times as wide.)

VANDALIA

Figure 1. Map of the southeastern part of Cass County, Michigan, show-
ing location of the Calvin 28 cryptoexplosive disturbance (dotted circle).
Shaded area, Ellsworth Shale; unshaded area, Coldwater Shale.

Modern Events
July 1, 1770 — International

Lexell's comet (D/1770 L1) was computed by astroemras having passed only about 1.4 million milesfEarth (less than 6 times the average distahtteeo
Moon, or about 1.5% of the distance to the Surl)is Was the nearest such Earth encounter to beuneebastronomically rather than in terms of itsiattmpact

effects as a meteorite (until the very recent traglof smaller and slower objects). Now considdrebe a “lost comet,” its orbital period had beatculated at
the time (by Lexell) to be 5.6 years, eventualpdieg to the idea that space objects may be pezp&dward Earth by a gravitational encounter withitkr—a

circumstance that is one of the potential souréesmet/asteroid impact threats that would provitle or no advance warning. The comet was itijtiabserved

on June 15, 1770, and was last observed moving fraiaythe Sun on October 3 of the same year.

September 1, 1859 — International
A large solar flare was briefly observed by astropo Richard Carrington. Just before dawn of the day, however, brilliant auroras were visibleskies
around the world, telegraph systems severely metifimed, and various damages (and minor injuriesilted from sparks and equipment failures. Tlas the
first solar flare observation and it was also dieaeen that the phenomenon was connected wittun@ibns in electronic communications systems orthEaNo
solar flare of this magnitude has been seen inl8 years since this occurred. Based upon evidénoe arctic ice, it was estimated that the 185Rrso
geomagnetic storm was the most intense in the5@¥syears, nearly twice as much as the secondstaegent. (Even though certain intensities hameesbeen
matched, no storm since has been able to simulishematch this one, on all types of intensity nuees.) Were such an event to happen again tadagsibeen
estimated that tens of billions of dollars in damaguld be done to the more than 900 satellitesdtidt the Earth. These satellites are essefaighe safe and
smooth operation of airlines, spacecraft, and warcommunications systems.
1863 — Arabian Peninsula
An event more than 300 miles southeast of RiyadlndBArabian, left an impact site of probably atsefive craters (Wabar Craters) in the desert,adnvehich
was more than 100 meters in diameter. The imparopeessed desert sand into rock. The date ofvitwet & approximate, because the impact site itgadf not
reported until 1932, but was then considered irosgect to match up with fireball reports that leache from the city of Riyadh in 1863. It has beaitulated
that the impact occurred with the force of a Hiioslrsized atomic bomb, but fortunately in this ¢asaffected only an uninhabited desert area.
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June 30, 1908 — Russia

A large impact event occurred in Tunguska, Russi&iperia), in which a large object blasted irite atmosphere in a manner that created a forcgfattacular,
and destructive impact. Although the object wasl@mtly destroyed in the air (leaving no impactterdike so many rocky meteoroids have), the fatéhis

destruction has been estimated as equivalent weebat5 and 30 megatons of TNT, flattening an eséich&0 million trees over an area of approximag&dg

square miles (a surface area equivalent to that disc 32%2 miles in diameter). Brilliant meteopauts like this have been termdablides,” since they can
resemble fireballs and are observed as explosimgndiary events. Unusual levels of acid rainofe#d the event. Recent research from Cornell Usitye
concluded that the event was “very likely” a corimpact (with most of its mass in the form of icattlwould dissipate in the atmosphere), since hititude

noctilucent clouds (which normally occur only witkrtain types of icy, high-altitude conditions) wesighted across Europe for several days (as mu&h0a0
miles away), and caused the night skies to glogtintates about the frequency of this scale of ihpaxy from once every thousand years to once @eiucy.

May 1921 — International

An extremely strong geomagnetic storm occurred—sthengest such storm since 1859. According tostnay, if a storm of this magnitude were to ocadtaty,
it could result in large-scale electrical blackoiitat would affect more than 130 million personsoas the northwestern U.S. (including Michigan) &mel Pacific
Northwest. These estimates were based upon esmaregions susceptible to power grid collapsd, the 1921 storm was considered to be about 18stas
strong as the one that did cause power failuré9&9. Extra-high-voltage transformers were consdi¢o be a particular vulnerability in these pectgel blackout
areas, with places like New Hampshire, New Jeraeg,Pennsylvania at particularly high risk in theeiconnected grid.

February 12, 1947 — Russia

A bolide event that included many meteorites todéce in far-eastern Russian Siberia (Sikhote-Alfioytunately occurring in a relatively isolated and
undeveloped area, between China and Japan. Thewas reported as a fireball, brighter than the, &1 10:38 am (local time). As the bolide deseehdt an
angle of 41 degrees, it left a trail of smoke andtd®0 miles long that remained visible for sevéi@lrs. The meteorite was broken into fragments f&dl at
roughly 31,000 miles per hour. Upon reaching itudle of about 3.5 miles, the bolide culminatedaigiant explosion, scattering its remaining debrier an
impact area of about one-half square mile. Thgelstrimpact crater in this area measured 85 fed wind 20 feet deep. The total mass of all theonigts from
this event has been estimated as just under 10880 with the largest fragment later weighed a3 Kilograms and displayed in Moscow.

September 17, 1966 — Lake Huron

A bolide event occurred over Lake Huron, Michigeavplving an air blast estimated as the equivatérit/3 ton of TNT, approximately 8 miles above theface
of the water. Although no material from a metepritas found to help determine more information altloe size and characteristics of this meteor, ithisot
surprising since the location of the event probgiidyed any meteorite remnants at the bottom oéltalkron. The bolide illuminated the whole of seuisstern
Ontario and adjacent regions at about 8:48 pnt, &8ss seen traveling northwest across Lake Erietledip of Ontario, toward Lake Huron. At leasti@azen
loud “detonations” were reported from the Ontafieaanear the lake a few minutes after the firebglfissage. Astronomers later calculated that #teanwas
about 8 miles up as it crossed over Lake Huron,panbably reached the lake’s surface fewer thamil@s west of the city of Kincardine, Ontario. Timeteor
was traveling about 10.6 miles per second (38,0smer hour) and was brightly luminous for aske®) seconds.

February 8, 1969 — Pueblito de Allende, Mexico

A large shower of stony meteorites fell near aagdl in the Mexican border state of Chihuahua. Ntwaa two tons of meteorites fell in that incident.

August 4, 1972 — lllinois

A huge solar flare ended up causing the failuréon§-distance telephone communications acrosiflin AT&T redesigned its power system for traresatit
cables as a result of this event.

August 10, 1972 — Western U.S. and Canada

Since the angle of approach varies widely, someongtsimply graze or bounce off of the atmosphérel972, such a fireball was seen from Utah toefti.

January 1978 — International

A Soviet satellite, Cosmos 954, which had beendhad in September of 1977, was being monitored I8/ Hgencies and by November was found to have a
decaying orbit. By January, it had become appateitthe satellite had lost its attitude stabflaa system. Such satellites were known to be pedvey small
nuclear reactors, using fuel that was 90 percentteed Uranium-235. Thus, whenever and wherevisrditellite fell to Earth, it had the potentialcmntaminate
things and persons who came into contact witiTie U.S. National Security Council arrived at atineate that there was only about a 1 in 10,000 chahat a
human would be injured in the crash, but becauskeopolitical aspects of an enemy nation’s nucteaellite crashing onto friendly territory, it lzene important
to treat the incident with more weight than whaitttsmall risk might normally be credited with. @gtéon Morning Light was thus created, in Decemifet977,
with the Department of Energy given lead respolfigitfor the possibility of a domestic crash sitBven though a crash site for the projected landitit was
only supposed to have an 8% chance of being on, lplashs were made for such a contingency, whichladvaavolve the finding of radioactive debris,
decontamination of affected land areas, and tlanvent of any persons within an unsafe distanceici debris. After about 10 days of careful inggiwith the
Soviet government, various types of confirmatiomeneceived about the satellite’s nature and camditOn January 24, the satellite entered the sgimere over
Queen Charlotte Island, British Columbia, and &86m, finally crashed near the Great Slave Lalgt,rjorth of the Province of Alberta, in Canadarcraft and
Nuclear Energy Search Teams were then dispatch@driada, to assist with clean-up operations.

July 11, 1979 — International

The Skylab Space Station, which had been put itd mm 1973 but abandoned in 1974, had its oripialfy deteriorate to the point where it plungedBarth.
Delays in the launch of the Space Shuttle progreeugmted the station from being salvaged by resjdtito a sustainable orbit. Instead, consideraiblcertainty
was expressed in the media about where the statight return to Earth, and with what potential é@structive impacts. Skylab re-entered the atmergpbn
July 11 and the calculated area at-risk turnedtoute in the Southern Hemisphere around the In@iee@an. Debris impact areas on land were identified
Western Australia, the largest being a heavy nietiaigment (perhaps 5 feet in length).

March 13, 1989 — Canada and Eastern United States

Geomagnetic storms caused by a huge solar flasedawidespread disruptions in the transmissiorectrécal power, causing a widespread blackoutsscrost

of Quebec and affecting 6 million persons for @qeeof up to 9 hours. Specifically, when five tsamssion lines went down, the system was unabléttestand
the loss of their 21,350 megawatt load, and codldpsithin the subsequent 90 seconds. The blaakosed schools and businesses, shut down the Mbntre
Metro Airport, and delayed flights from other airfso Street traffic backups took place, sincefitrafignals and traffic control systems no longendtioned
smoothly. Workers in downtown Montreal were streghdh dark offices, stairwells, and elevators. eltlsere, power surges caused by the geomagnetio stor
(geomagnetically induced currents, or GICs) cayseder transformers in New Jersey to be overloadgeddamaged. The functioning of long-distance tebe
cables were also affected by auroral currents, npajeer substations experienced voltage swingsergg¢ors went offline, and the U.S. Air Force tengpiy lost

its ability to track satellites. Costs from thedmf power exceeded $100 million, including sthffeoduction processes, idled workers, and spg@iteducts. This
was considered to be the strongest geomagnetio stiothe space age.

October 9, 1992 — New York

The “Peekskill Meteorite” damaged a parked careel2kill, New York, after creating a bright firebial the sky that was seen across several stdtes.original
meteor (estimated to be 1 to 2 meters wide) hagirfemted at a height of about 41.5 km, then agadta20 seconds later, until it was under a foatiameter.
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January 1994 — Canada

Inclement space weather caused electric chardasiltbup and then discharge within the electromimponents of two expensive communications satelliene
satellite was disabled for about 7 hours, due toatge to its control electronics. A second sagellient out of service entirely, when its backupesys also
became damaged, requiring 6 months of service d&®functions were restored. The satellite ¢isams prevented news information from being etautrally
delivered to 100 newspapers and 450 radio statidredevision and data services to more than 1,8@fbte communities broke down with the second #atell
failure. Telephone service in 40 communities was mterrupted. Total costs of the event wereested at between 50 and 70 million U.S. dollars.

July 15 to 24, 1994 — International

Comet Shoemaker-Levy 9 crashed into the planetelymfter being broken into 21 fragments by getiohal forces, and caused enormous impacts, which
quickly became visible to telescopes on Earth.e(ifinpact took place on the far side of Jupiter,tbatplanet quickly rotated and allowed the imgaihts to be
visible). The energy released by this impact v&smated as greater than many thousands of 50-oregatlear bombs, as the comet’s debris was vagzbend
released enormous amounts of heat, temporarilyeetkeg the amount given off by the entire (exothejrpilanet as a whole and also exceeding the temyperaf

the surface of the Sun. The impacts caused atredspspots to appear that were comparable in sizea diameter of the Earth. The comet had fiestnb
detected by astronomers only 17 months prior tonfsct. It was calculated that on the comet'viotes approach toward Jupiter on July 7, 1992 (Wwhdae it

into fragments), its distance from the planet waly 46,000 miles (less than the circumference ef Earth). It was estimated that the largest fragnoé the
comet may have exceeded 2 miles in diameter. Aesualt of this impact, the U.S. Congress asked NASAropose how to identify and track all largecgpa
objects with the potential to impact the Earth.

March 19, 1996 — International

A celestial “close call” involved asteroid 1996 J@A4rge enough to cause catastrophic damage), vaicte within 280,000 miles—nearly as close as theriv

January 11, 1997 — International
A satellite that had cost $200 million was incapsted by the impact of a Coronal Mass EjectionteAéfforts to restore the satellite’s functionldd it was
officially decommissioned.

September 1, 1997 — Salem Township (Washtenaw €punt

After numerous persons reported a bright dayligkteor and sonic booms, the object broke up intleasdt three parts. One meteorite (called the “\&ord
Meteorite”) then struck a residential garage raof3alem Township, midway between the villages @8 and Brookville), as the family was nearby virogkin
their back yard. They had heard a whistling sopasking overhead, and then investigated a boontrasti, finding the garage full of plaster dustcpgeof
drywall, and insulation. There was a dent in thef of a car that was parked in the garage, andnthieorite itself was found on the floor nearbpnal with a
couple of associated fragments. The large metesgighed about 1.5kg, and its dimensions weretabmmches long, 4 inches wide, and an inch thick.

April-May, 1998 — International

The failure of the attitude control system of apensive Galaxy IV satellite (the cost of such $iaslis usually on the order of $200 to $250 miil disrupted
the function of about 45 million pagers. Varioukey satellite problems were noted, and researawenstually concluded that these problems wereseduor at
least exacerbated by’ the impacts of geomagneticliions originating from “highly disturbed” solaonditions. Although the satellite problems ocedrin
May, weeks of problematic space weather that hextiest back in April was considered to have evehtled up to May's events.

June 14, 2002 — International
Another “near miss,” in celestial terms, as aste&fl02 MN passed within 75,000 miles of the Easth,wasn't spotted until three days after it hadady passed.
An impact from the asteroid would have been of Tuskg-like force.

Feb 1, 2003 — National

The Space Shuttle Columbia broke apart violentlyervineturning from a mission, causing a widesprdad about the potential for falling debris acrdks
southwestern United States. More than 2,000 débpsct sites were eventually reported, but fortelyethese were predominantly in sparsely populateas.
NASA issued warnings that the shuttle debris caadtain hazardous materials and that it should iremnatouched (and instead be reported to authsritfn
discovery).

March 26, 2003 — “Park Forest event” in Suburbait&jo, lllinois

Hundreds of meteorites fell across residentialsamedhe suburbs of Chicago. Although meteors waible from Michigan and the meteorites landedyalose

to Michigan territory, it must be noted that thigest is highly unusual, having been described he thost densely populated region to be hit by zeanié
shower in modern times.” Coincidentally, the aoéampact was in the midst of numerous highly-tesirexperts associated with the University of Chicagd
other scientific institutions. The original meteit was calculated to have been between 1 andusdmal kilograms (possibly more) before it brokerajpathe
atmosphere. About 30 kilograms of meteorite fragisievere recovered, the largest of them weighi26ksy. Numerous holes were punched through windows,
roofs, and ceilings in homes, and also a fire @atiOne roof hole was caused by a meteorite tleeghed only 545 grams. There were about 18 docteden
fragments of about that size or larger across plemf square miles of neighborhoods.

October and November, 2003 — International

Geomagnetic storms took place in late October ameeMber, and although power grids had learned fr@March 1989 event and were better able to veittust
the storms’ effects, there were some heavy impapts the aviation sector from this event. The FAgld implemented a WAAS (Wide Area Augmentation
System) to better guide navigation and aviatiortesyscontrol, and a part of what WAAS supports & ability of air traffic to maintain safe distandesm each
other. The vertical navigation component of WAA8swdisabled for approximately 30 hours across wigste United States during the late October storms
January 2005 - International

Space weather at this time included solar radiagtorms. In addition to the loss of HF radio cominations, such storms can cause elevated radiexpasure
to persons in aircraft flying at high latitudesg(eacross polar regions). The use of polar rongesincreased dramatically since the 1990s, since utes can
reduce travel time and fuel costs (by avoidingrgravintertime headwinds). Aircraft must divertltover-latitude routes during such storm eventsjities in
delays, increased flight times, missed connectioigher costs, and greater fuel consumption.

December 2005 — International

A geomagnetic storm caused the disruption of s@et-ground communications and GPS (Global Pasitig System) navigational signals. Although this
disruption only lasted about 10 minutes, it threatkthe safety of commercial air flights and matnadfic during that time.

December 6, 2006 — International

A burst of solar radio wave energy caused a digmph the function of GPS units across the erttirglit side of the Earth (the Western hemisphetéigcase).
Some users of navigation systems found their capgadisrupted for many minutes, which was of pattr significance for military aircraft.

September 20, 2007 — Southern Peru

After a loud explosion was heard, residents ofsatated village found a large crater measuringe¢t ih diameter near Lake Titicaca and filled witdter. A 1.5
magnitude earthquake was detected in the area.uffiigual aspect of this incident is that many géia subsequently reported symptoms such as hezdact
nausea. It has been proposed that the impaanefeorite, along with the heat that was generataased the release of toxic fumes from the ground.
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February 4, 2011 - International
An asteroid designated as 2011 CQ1 was the cltsest miss” on record so far, as this object camig about 3,400 miles away from Earth. Earth's edional
pull at that distance was strong enough to chamgeasteroid's trajectory by 60 degrees, indicgtisghow close the object was, in astronomical germ

June 27, 2011 - International

An asteroid designated as 2011 MD passed only 7n6iG& above the Earth’s surface. It was discovéned INEAR and its size was less than 20 meters in
diameter. The object was close enough to markéuinge its trajectory as it passed.

February 15, 2013 — Chelyabinsk, Russia

A meteor became visible in the sky, and was sotiowied by a shock wave that shattered windows thinout a wide portion of the major Russian city of
Chelyabinsk. About 1,600 persons were reportddjased by shattering glass throughout the cityanage to a couple of industrial facilities alsaitesl, as the
blast wave caused large doors to buckle and wedksmectural components to collapse. The metésiitepact location was later located in a ruraleamauch
reduced in size from the body that had originalyzked through the atmosphere. This was the figtlent in which many injuries occurred as a restithis type
of hazard. The physical size of this meteorite magh smaller than the Sikhote-Alin event of 194The Tunguska event of 1908. It is fortunate thvaly the
meteoritic blast wave was felt by the city, busthivent is strongly indicative of the extent of dge that this hazard can cause. The destructidd bave been
far worse if the trajectory of the meteorite ha@relifferent. Meteorite fragments weighing abouto¥: were later retrieved from the impact site hekarkul
Lake, about 40 miles away. The meteorite was oetexd to have originally been one of the Apollo NEarth Asteroids, approximately 60 feet in itsgoral
size and with a mass of about 11,000 tons befataited to burn up in the atmosphere. The totphict energy was calculated by NASA to be the edent of
about 440 kilotons of TNT. Purely by coincideneeny persons were already thinking about asterbietsause they were anticipating the near-Earthoapprof
an already-known body, asteroid 2012 DA14, whickspd harmlessly by the Earth about 16 hours lattir,a completely different (and thus unrelatedpraach
directory than the meteorite had shown. The Chuéhgk meteorite had been traveling west-northwbsta the earth’s northern hemisphere, approachorg f
the general direction of the Sun, but the pathstéraid 2012 DA14 was going in a nearly perpendicdirection, and at its nearest it was about 1¥rales away
from the Earth’s surface. The temporal proximitythee two bodies was mere coincidence, althougBQ7 miles is quite close, in celestial terms, fdr58-foot
diameter asteroid to pass by, allowing it to badjephotographed from the Earth during its passage

Image showing identified impact crater sitesacrossthe United States and Canada
(Map based on information from the Impact Datalvasisite -http://www.unb.ca/passc/ImpactDatabase/NorthAmertoal )
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Programs and I nitiatives

In recent decades, a number of programs and résgagjects have examined this hazard, sought additi
information about near-Earth objects (NEOs), angelbped models of the potential risks and effeftaroimpact.
Although most historic meteors went unnoticed (oregorded as such) in earlier times, today’s stelystems allow
practically every meteor to be detected as it emih the atmosphere.

Near-Earth Object Detection Programs

Various agencies and universities have set up ardarated in the creation of detection programsghesl to locate
and measure the characteristics of Near-Earth @bgecch as “Apollo asteroids” that cross the oobithe Earth. (It

has been estimated that there are about 200 sterbids with diameters of at least 1km, which wallds be capable
of catastrophic damage if an impact were to ocduhas also been estimated, by NASA, that fewanth0% of the
estimated NEOs larger than a half-mile in diambgare yet been detected.) Most of these detectiogrgms involve

systematic telescope surveillance, measuremenispleg modeling and orbital projection. Programelude the

following:

* Lincoln Near-Earth Asteroid Research (LINEAR) patje at MIT, funded by NASA and the USAF.

* Lowell Observatory NEO Survey (LONEOS) program Flagstaff, Arizona.

* Near-Earth Asteroid Tracking (NEAT) system — opedatby NASA’s Jet Propulsion Laboratory in
conjunction with the U.S. Air Force on Mt. HaleakaHawaii. The goal of NASA’s 1998 Near-Earth @bje
Program was to locate at least 90 percent of alDslEhat are at least 1km in diameter.

» Palomar Planet-Crossing Asteroid Survey

e Panoramic Survey Telescope and Rapid Responsens{Btn-STARRS) — Hawaii program supported by the
U.S. Air Force.

* Raptor — a stereoscopic observation system opebogteds Alamos National Laboratory.

* The Sentry System — of the NASA Jet Propulsion katooy

» Spaceguard — started by NASA in 1998, a globalesudevoted to asteroid analysis.

* The Spacewatch program — run by the University mfé@gha in Tucson at Kitt Peak, Arizona.

Various space missions have occurred to gather mévemation about asteroids and comets, and mae a
planned for the future. Some past missions haveded Vega 1, Vega 2, Giotto, Suisei, and Sakiqak86
flybys of Halley’'s Comet); Galileo (1995 observasoof the Shoemaker-Levy comet impact); Near-Earth
Asteroid Rendezvous (NEAR—asteroid investigatiasnf 1997 to 2001); Deep Space 1 (comet rendezvous
in 2001), Stardust (comet material collected aridrned for analysis in 2006); Hayabusa (aka MUSES-C
asteroid landing and probing form 2005 to 2010)s&t@a (asteroid flybys from 2008 to 2010, and comet
interception mission scheduled for 2014-2015); Bedp Impact/EPOXI (comet rendezvous in 2005 arafly

in 2010). Additional missions can be expected tivjgle even more information.

More information about these programs can be fairbeir associated web sites on the internet.

Solar Monitoring and Measurement Programs

Various spacecraft are gathering data on solaedlazoronal mass ejections (CMEs), and charged:fgaemissions
(solar storms and space weather). These include:

The Solar and Heliospheric Observatory (SOH®@Mtp(//sohowww.nascom.nasa.gpvs a collaborative
international project between the U.S. National okautics and Space Administration (NASA) and the
European Space Agency (ESA). It was launched 8519Among its solar studies, it tracks the intgnef
solar winds and flares, and has also been resperisitthe discovery of 2000 comets.

Hinode — A Japanese satellite that engages in sota@ions coordinated with other space agenciamdrthe
world, Hinode employs optical, ultraviolet, and Zyrequipment that measures the Sun’s magnetic fiedd
Sun’s corona (turbulent outer atmosphere), andake particles that are radiated.

Solar Terrestrial Probes (STP) — Currently, thea®krrestrial Relations Observatory (STEREO) estthird

of NASA’s Solar Terrestrial Probes program and baen engaging in 3-D observations, imaging, and
measurements of solar activity since 2006. Usipgiaof spacecraft, the combined views cover nodshe
solar surface at all times, including the far sifi¢he Sun, and make use of extreme ultravioletesde better
detect and analyze coronal activity. A phone agilon is available from NASA that allows solar rioring

and the receipt of alerts to be transmitted to sisphones. The STEREO web site is located at
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http://www.nasa.gov/mission_pages/stereo/main/ifde®. On February 3, 2011, the two STEREO craft
reached positions directly opposite each other,d&ffees apart on each side of the Sun, allowiagtiire
surface to be monitored simultaneously. A Magn#tese Multiscale (MMS) mission is planned for 2014,
and will study three important plasma processethé Earth’s magnetosphere, to better understancespa
weather processes.

* Advanced Composition Explorer (ACE) — Launched @974, NASA’'s ACE provides solar wind monitoring
and measurement in nearly real-time. From its espacation at a point of gravitational equilibridyatween
the Earth and the Sun, ACE provides one hour oaiack notice about impending geomagnetic activigy th
can disrupt communications and/or overload powédsgr ACE instruments provide information about
energetic ions and electrons, magnetic field vectoigh energy particle flux, and solar wind iorihe ACE
web site is found dtttp://www.swpc.noaa.gov/ace/

e Solar Dynamics Observatory — This program was desidoy NASA to help understand the causes of solar
variability, and its impacts on Earth. Launche@@10, the mission focuses on the Sun’s magnetid, fsolar
coronal activity and plasma, space weather, andrthdiance underlying planetary ionospheres. $B®©
web site is ahttp://sdo.gsfc.nasa.gov/mission/about.php

NOAA/NWS Space Weather Prediction Center

A web site ahttp://www.swpc.noaa.gowdllows continuous access to information about speeather, including the
convenient classification of space weather into MGAconvenient 5-category schemas (e.g. from GG5p. Alerts
and warnings are also accessible through this wepbadong with a number of Space Weather User @pcovering
topics such as navigation, radio, electric powed satellite operators.

NASA Asteroid Redirect Mission
This newly developing mission has the goal of detccapturing, and redirecting an asteroid ingaf orbit. For
more details, refer to the NASA overview presentatthitp:/www.nasa.gov/pdf/740684main_LightfootBudgetent0410.pdf

Grid Reliability and Infrastructure Defense Act (IBRR

In 2010, the U.S. House of Representatives passetttathat included the following language spealficdirected
toward mitigating some of the impacts of geomagngttorms:

“Geomagnetic storms.--Not later than 1 year after date of enactment of this section, the Commisshall, after
notice and an opportunity for comment and afterso@iation with the Secretary and other approprie¢eleral
agencies, issue an order directing the ElectricaBdity Organization to submit to the Commissiam &pproval under
section 215, not later than 1 year after the isseiaf such order, reliability standards adequatprttect the bulk-
power system from any reasonably foreseeable gewgtiagstorm event. The Commission's order shaltigpé¢he
nature and magnitude of the reasonably foreseeamlets against which such standards must protach Standards
shall appropriately balance the risks to the bulwer system associated with such events, includimg regional
variation in such risks, and the costs of mitigatuich risks.”

The full text of the act can be foundrtp://www.fas.org/irp/congress/2010_cr/grid.html

The celestial impact hazard has not yet been fiilohtas one of the most significant hazards in ahiichigan’s
local hazard mitigation plans.

Mitigation Alternativesfor Celestial Impacts

» Advance planning for catastrophic scenarios. B@nwle, the U.S. Air Force used an asteroid stfikeits
December 2008 Interagency Deliberate Planning EsercThe after-action report for that exercise wasted
online athttp://neo.jpl.nasa.gov/neo/Natural_Impact_Aftertidic_Report.pdf An asteroid detected at a distance
equivalent to that of the Earth’'s Moon could giive 8 hours of advance warning for the evacuatibnoastal
areas (to mitigate loss of life from a projected sBpact).

* Continued surveillance and analysis of Near-Eartije@s, and support for agencies that are engageaich
work. For example, since 1975, the DepartmentefeBse has amassed extensive data about metesnis@tie
atmosphere, finding that hundreds per year explotlee atmosphere with explosive energy of at lédstoton.

» Existing technologies would allow the diversionaolarge asteroid or comet, if a sufficient leadetiim available.
Objects on a collision course 10 to 100 years infthure can be diverted or reduced by the usew¥entional
rockets and explosives. (Such action would bedinated in the United States by the Departmentdeaiénse
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and Energy, and would likely include internatiopattners.) Explosives would require knowledge robhject’s
composition to be effective. Laser targeting cobé&lused to change an object’s velocity, althougleks or
months may be required to obtain a large enougdtiefiwith a sufficient amount of warning time (e order of
years), other mitigation techniques could includeching a solar sail to the object, an intercepglimding
mission, and/or use of the “Yarkovsky effect” iniathasteroid temperatures could be changed totaféeaorbit.
Various space missions have occurred to gather nmboemation about asteroids and comets, and moge a
planned for the future. Some past missions haskided Vega 1, Vega 2, Giotto, Suisei, and SakigalR86
flybys of Halley’'s Comet); Galileo (1995 observaiio of the Shoemaker-Levy comet impact); Near-Earth
Asteroid Rendezvous (NEAR—asteroid investigatiaienf 1997 to 2001); Deep Space 1 (comet rendezvous i
2001), Stardust (comet material collected and newifor analysis in 2006); Hayabusa (aka MUSES&Steroid
landing and probing from 2005 to 2010); Rosettéetagd flybys from 2008 to 2010, and comet inteta@gssion
scheduled for 2014-2015); and Deep Impact/EPOXingtorendezvous in 2005 and flyby in 2010). Additib
missions can be expected to provide even morenrgbon.

Awareness campaigns for industries and systemsIvingo satellite communications, GPS, or radio
communications that could be disrupted by solaef(@pace weather) activity. In addition to the o GPS for
navigation, aviation, and military applications,ist also important for offshore drilling operatiornarecision
farming, transportation, and mapping and surveying.

Operating procedures that include back-up systdimaing complex systems (e.g. air traffic contrtd)continue

to function when key technological systems (e.g.SGRadio communications, satellites) malfunctiofror
example: the maintenance of “legacy” non-GPS ndiigal systems as a back-up, and the use of new GPS
signals and codes to remove ranging errors.

The use of special procedures, equipment, and deshares by utility systems (e.g. electrical powed gipeline
systems) to minimize the potential for geomagnetiects to cause inappropriate shutdowns and sydtenage.
For example: the provision of reserve capacity otiget the effects of geomagnetic storms, and ¢nepbrary
disconnection of components for their own protettio

Additional back-up satellites, for communicatiomsl aavigation, will be needed to limit the damaggfigcts of a
major solar storm, which may put current satellitelipment out of action and require their rapidaegments.
The importance and cost of satellite systems maybeowell-known to the general public. As of 20@8e
existing fleet of 250 commercial satellites congétl a total investment of about $75 billion, andolved an
annual revenue stream estimated at over $250rbillio
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